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PREFACE. 



In 1830| the fabrication of matches was not 
yet, properly speaking, a special industry. It 
was limited to a few poor families, who not 
having the means to purchase in any quantity 
the materials necessary to the fabrication, 
were forced to sell, from day to day, the pro- 
duct of their labor in order to bo able to pur- 
chase new material. 

The want of a machine which would eco. 
nomically manufacture wooden matches pre- 
sented an insurmountable barrier to the devel- 
opment of that industry. 

The work was done by hand, willi imper- 

T'l *•; c ^ > y^ 
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fecfc tools, yrhich very often wounded those 
who used them. After the invention of the 
first machine to cut matches, a single man 
could manufacture daily from 1800 to 2000 
matches. 

Chemical improvements favored also the 
development of this industry; oxygenated 
tinder-boxes largely increased; and, at last, 
the invention of inflammable mastic produced 
a complete revolution. 

This new fabrication, of German origin, was 
established in other countries after a certain 

time. 

In 1836 few factories were in operation, but 
since that time these establishments have 
greatly multiplied. Notwithstanding this ra- 
pid progress, the hygienic character of the 
business has not been much improved. While 
it may be considered as an industry most inju- . 
rious to health, yet hygienists have not given 
us much light on the subject. The accidents 
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which their fabricatioQ| cartagei usoi eto., are 
liable to prodace in so great numbers have 
not yet been the object of scientific investiga- 
tion. 

The question of gun cotton is probably 
one of the most interesting which has risen 
into notice in the midst of the scientific move- 
ment of these last thirty -five years. The 
doubt has increased concerning the real value 
of this product and its applications. It is, 
therefore, useful to collect carefully all the 
elements of the question, to arrange them me- 
thodicallyi and to judge them with calmness 
and impartiality. It is with these views that 
this work has been composed. 

First, we have shown the present state of 
knowledge concerning the composition and 
nature of its pyroxylic products, its ballistic 
properties, its applications in pyrotechny, sur- 
gery, photography, mining, etc.; its preparation, 
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and tbo occidentB yrhich are liable to take place 
daring this preparation ; the accidents no less 
serious which result from the handling of gun 
cotton, and its application to firc-arms. 

Lastly, we have shown the causes of these 
accidents, the means to prevent them, and the 
processes of distinguishing gun cotton from 
ordinary cotton, not only in common use, but 
also in cases where it will be necessary to 
proceed to a judiciary inquest. 

To the fabrication of matches and gun cotton, 
wo have added researches upon a subject well 
^'orth the attention of hygienists. 

Every one knows what development has 
taken place in the fabrication of fulminating 
powder, since percussion guns have been in* 
vented and used for war purposes ; but, what 
is not so much known, is that this fabrication 
is of all industries, not only the most unhealthy, 
but the most dangerous. 
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To State those dangers, and in a few words 
indicate the means which science offers in order 
to prevent them, is one of the objects of the 
last section of this work. 

New Ledakov, Jane 25, 18G4. 
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SECTION L 

CIIKMICALS USKD IN TITK PABUICATION 

OF MATCHES. 



CHAPTER L 

PHOSPHORUS. 
Formula Ph. Equivalent as 32. 

1. History. 

Phosphorus was discovered in 1669, by 
Brandt, alchemist of Hambarg. He was 
engaged in researches on the philosopher's 
stone, or the art of converting common metals 
into gold. Brandt thought, that by mixing 
urine with the metals that he wished to trans- 
mute, he should succeed better ; but instead of 
obtaining what he was searching for, he disco- 
vered a new body, luminous by itself, burning 
2 
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iritb an energetic power. It was tbe phospho- 
rus. Sarprised by the appearance of this new 
body, he sent a specimen to Kanckel, a Ger- 
man chemisti who showed it to Kraft, of 
Dresden. This latter found it so marvellous, 
that he immediately started for Ilamburg, with 
the intention of buying the secret of its pre- 
paration ; and, accordingly, he bought it for 
two hundred dollars, on condition that the 
secret would not be revealed. Kunckel, wish- 
ing to know it, and seeing that Kraflt would 
not reveal it to him, resolved to discover it 
by experimenting himself, and, after many 
trials, he succeeded in 1674. 

However, the process of preparation was 
kept secret till 1737, at which epoch, a stranger 
coming to Paris, made some of it before four 
commissioners named by the Academy of 
Sciences, !fleZfo/, Diifay^ Gtoffroy^ and Duhamd. 
When the preparation was made public, Hellot 
described it, with details, in 1737,^ and Bouelle 
repeated it in his public lectures of the same 

* M6moire de TAcademie des Sciences, for 1737. 
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year. The process consisted in evaporating to 
dryness, putrefied urine, and heating strongly 
the residue in an earthen retort, the neck of 
which communicated with water. 

Phosphorus was prepared by this process 
for some time; and a few years after, by the 
advice of Margraff, a salt of lead was added to 
it. Notwithstanding this useful addition, phos- 
phorus was so rare that it passed for an ob- 
ject of curiosity, to be found only in chemical 
laboratories. 

In 167-i, Gahn discovered it in bones, and 
with Scheele published a process which per- 
mitted of obtaining it in considerable quanti- 
ties. It is this same process, slightly modified, 
which is now followed. 

Phosphorus becoming more common, chem- 
ists could study its properties. The most re- 
markable works on this subject are those of 
Pelleticr^ who combined it with sulphur and 
some metals; Lavoisier^ who discovered its 
combinations with oxygen ; Dulong and Davy 
studied its different acids, and Berzelius not 



20 MATCHBS. 

only examined them, bnt also their combina- 
tions with bases. 

2. Physical Properties. ^ 

Phosphorus is solid, insipid ; pure, it is so 
flexible that it can be bent seven or eight 
times without breaking. One six hundredth 
part of sulphur is suflicient to render it brittle. 

The nail scratches it easily, the knife cuts it 
without any dilTicuIty. 

Its specific gravity = 1.77. Its odor is weak, 
and similar to hydrogen gas or arsenic in va- 
por. Sometimes it is transparent and colorless, 
sometimes transparent and yellowish, some- 
times half transparent as horn, sometimes black 
and opalescent. 

In the daik it is always luminous, provided 
it has the contact of the air; from that pro- 
perty, its name of two Grecian words, tw<»i light, 
and topo() bearing. 

8. Chemical Propertiks, 

Phosphorus melts at 111^.45, and boils at 
554^. Its vapor is colorless, with a density «■ 
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4.328. Exposed to a heat of 140 to 158^ and 
suddenly cooled, it becomes black; by cooling 
slowly, it stays transparent and colorless; a 
^ moderate cooling gives it the aspect of horn ; 
from black it becomes colorless by fusion, to 
become black again by cooling. 

Mr. Thenard was the first to observe these 
phenomena. lie thought they were common 
to every kind of phosphorus, but since, he 
has had occasion to ascertain that such is not 
the case. lie found that phosphorus was 
susceptible only of those different aspects, even 
after distilling as often as three or four, and 
even eight or ten times. 

The distillation of phosphorus must be 
made carefully, and in small quantities, other- 
wise the facility with which this body burns 
renders it dangerous. 

The phosphorus must be introduced into 
a small glass retort, fixed in a small furnace. 
The neck of the retort, which must bo kept 
warm, communicates with water at about lOC^. 
Ileat the phosphorus by degrees till it boils. 
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and coQtinQe the heat till the whole is dis- 
tilled. 

The distillation is made below red heat, and 
does not require even 892^. It always leaves 
in the retort, a little red powder of oxide of 
phosphorus. 

Solar light colors it red without rendering 
it opalescent ; and this change is cfiectedy not 
only in the air, but also in vacuum. ^ 

Phosphorus kept over mercury, in a glass 
tube full of oxygen, at a temperature of 80®, 
and under a pressure of thirty inches, does not 
absorb oxygen in twenty-four hours; but if 
the temperature remaining the same, the pres- 
sure is diminished, so as to be only two or 
three inches, the phosphorus begins to be 
surrounded by a white vapor. It becomes lu« 
minous in the dark, it dissolves the gas oxy« 
gen by degrees, and forms hypo-phosphoric acid. 
The less the pressure, the less heat is needed 
to produce combustion; nevertheless, it will 
not burn at 41® or below. 

If in the above experiment the pressure is 
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increased, the combustion is determined only 
at a higherXemperuture. 

The addition of more or less quantities of 
nitrogen, or hydrogen, or carbonic acid, to a 
given volume of oxygen, produces the same 
effect. The diminution of pressure is the 
reason why phosphorus is luminous in the 
the air, burns slowly in it, and absorbs oxygen 
to isolate the nitrogen. 

Phosphorus is reduced sensibly in vapor, 
at the ordinary temperature, in all gases which 
do not attack it. 

Phosphorus burns in a mixture of air and 
oxygen, containing four of oxygen and three 
of nitrogen, the oxygen being absorbed. 

If solid phosphorus acts very slowly on 
oxygen, it is very difierent when melted; it 
immediately absorbs and solidifies the gas, 
and the result is lyhosphoric acuL The disen- 
gagement of heat is so violent that the eyes 
cannot bear it. 

Besides phosphoric and hypo-phosphoric 
acids, phosphorus produces two other acids, 
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and one oxidoi then it unites with oxygen in 
five proportions. 

It possesses the property of combining with 
a great many simple bodies^ viz^ hydrogen, 
sulphur, selenium, chlorine, bromine, iodine, 
and all metals. Its union with carbon and 
nitrogen is a problem. Those that it can make 
with barium, silicium, fluorine, have not been 
studied. 

As phosphorus has a great action on air, it 
must be kept in bottles containing no particle 
of this fluid. For this purpose, boiled water is 
cooled without the contact of the air, and the 
phosphorus is introduced into it. The bottle 
is shut, and kept in a dark place ; but, notwith- 
standing this precaution, phosphorus covers 
itself with a white crust composed of four of 
phosphorus and one of water. To preserve it 
from this alteration, it must be moulded in the 
form of sticks, and kept in this state in bottles 
full of water. 
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. 4, Natural State. 

Since phosphorus burns with so much fa- 
cility, it does not exist pure in nature ; and in 
which it has been met only in combination 
with other bodies, viz., with oxygen, and me* 
tallie oxides, in some phosphates, particularly 
the phosphate of lime, which forms the solid 
basis of bones of animals, in the milt of the 
carp, and a part of the cerebral matter and 
nerves, substances composed of oxygen, car- 
bon, nitrogen, and phosphorus. 

5. Extraction. 

Phosphorus is extracted from calcined bones, 
which have been heated to the red heat in con- 
tact with the air, so as completely to destroy the 
organic matter. This combustion can easily 
be made in a lime-kiln. This kiln is sur- 
mounted with a reverse cone, terminated by a 
pipe, more or less long, so that the gases can 
be directed into a chimney. 

Oven. — A particular disposition which per- 
mits an avoidance of the disagreeable odor, and 



26 



MATCHES. 



renders the operation more economical in 
barning all the gases, is indicated in Fig. 1. 



Fig. 1, 
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This disposition consists in a cylindrical 
oven, A. The upper aperture of which, -4', is 
narrow and provided with a cast iron muff; 
near the lower part, the aperture B is put in 
communication with the body of the furnace 
with a circular gallery leading to the chimney 
D ; a grate CJ supported by two transverse bars, 
which are fixed in the beginning of the opera- 
tion, the door E being open. The grate is 
loaded with combustibles, which arc lighted 
under it. When the fire is well-lighted, shut 
the door JF, and in the low part of the chimney 
/?, by an aperture /?', light a few handfuls of 
shavings to establish a draught. Shut the 
aperture /)', when the flame passes by the aper- 
ture in the circular gallery, and thence into the 
chimney. Begin to load with bones, the organic 
matter of which accelerates the combustion 
which is' complete; all the gaseous products 
passing through an incandescent mass. When 
the furnace is full, shut almost completely for 
a few minutes the upper mouth -4', then with- 
draw the bars of the grate (\ so that the burned 
bones full on to the ground. After this ope- 



28 MATCHES. 

ration, shut again the door E; fill tbe famace 
with new bones, and from time to time extract 
tbe burned bones tbroogb tbe door J?, wbicb 
is shut immediately, and new bones are intro- 
duced by the aperture A\ The combustion is 
uninterrupted, and operated without any other 
combustible than the substance of the bones 
itself. The incombustible residue of this ope- 
ration is so formed :— 



Sab-phosphate of lime 
Carbonate of lime • 
Sand 



80 


to 82 


15 


to 17 


5 


to 1 


100 


100 



Pulverization of tJie Belies. — The burned 
bones are reduced to a fine powder, and passed 
through a sieve ; the coarse powder is ground 
over again and again, until the whole is en- 
tirely powdered. 

Decomposition by Sulphuric Acid. — To pro- 
duce this decomposition, that is, to transform 
the sub-phosphate of lime (SCaOSPhO,) into 
sulphate, and bi-phosphatc, and the carbonate of 
lime (CaOCOJ into sulphate of lime, use a 
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quantity of sulphurio acid, equivalent to the 
lime contained in the bones, in excess of the 
quantity which could form a bi-phosphate of 
lime, that is, for 100 of powdered bones, 66 of 
concentrated sulphuric acid, or rather the 
equivalent = 100 in acid not concentrated, 
and marking 50®. 

The operation is effected in a tub lined with 
lead. Pour, at first, twenty-five gallons of boil- 
ing water, then forty pounds of acid at 50®, in 
which you dilute by degrees, with a wooden spa- 
tula, forty pounds of powdered bones.. An ef- 
fervescence is produced by the disengagement 
of carbonic acid gas. When the effervescence 
has stopped, begin four times a similar opera- 
tion ; then you have in the tub, 160 pounds of 
bones decomposed by 160 pounds of acid, at 
50®. The matter, while warm, must be stirred 
from time to time to favor the reaction. Leave 
21 hours, stirring occasionally ; leave it to rest 
12 hours, and decant the clear liquid by a 
wooden tube, which leads it to the filters, and 
then into the evaporating pans. 

Washing. — Dilute the first settlement with a 
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qnantity of water eqnal to the first ; leave it 
to settle^ and use this liquid to pass It on five 
or six other deposits. liy this way the wash- 
ing liquors are saturated to 10 or 12^ in the 
fifth or sixth barrel, while the first is exhausted 
by the successive additions of water. Take 
out the deposit, and begin another operation. 

This methodical washing can be substituted 
by a methodical filtration, in barrels provided 
each with a double bottom, and covered with a 
cloth. 

All the solutions being saturated enough, 
are concentrated to 24^, and are put into 
a leaden vessel, in which the sulphate of lime, 
rendered insoluble by the concentration, is de- 
posited. 

Decant the liquid, which runs through a 
fiannel filter to eliminate the sulphate of lime. 
Evaporate till it marks 83^. Leave it to settle, 
and decant anew. 

Concen iraihn — J fixing — Desiccation. — ^The fil- 
tration being completed, evaporate to syrupy 
consistence till the liquid marks 50^. This 
syrup, mixed with 20 per cent of its weight 
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of finely powdered charcoal, is submitted to a 
last evaporation till completely dry, in a cast- 
iron kettle, heated brown red, and stirring all 
the time. 

The excess of sulphuric acid decomposed by 
the carbon disengages a large quantity of sul- 
phurous acid, and it is for this reason that the 
operation must be performed under a chimney 
with a good draught. 

When the mixture is as dry as possible, 
proceed to its decomposition at a red heat, so 
as to have the carbon react on the phosphoric 
acid which constitutes the phosphate acid. It 
takes the oxygen from this acid, and permits 
the phosphorus, set free, to pass to the distil- 
lation. 

Decomposition of the Mixture^ and Distillation 
of the Phosphorus. — This operation is effected 
in earthen retorts, which are filled three-quar- 
ters full. The retorts are inspected, so as to 
be sure that they are sound ; they are covered 
with a coating of argillaceous earth, they are 
dried slowly and completolyi then placed on 



two ranks into a farnace, with a doable vaalt, 
as represeoted in the Fig. 2. 



Each rank of five retorts is heated by a 
hearth situated a little above and below the 
hole A, The flame which extends under tbo 
vault escapes by vent-holes, situated above 
each retort These vent-holes are gradually 
larger, better to regularize the temperature. 
The products of the combination engage under 
a general vault 2}, which direct there towards 
the central chimney. A lead basin J^ put on 
cast-iron plates, is used to concentrate a part 
of the solutions ; utilize the lost heat, and pre- 
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vent the top of the furnace from becoming too 
warm. 

The beak of each of the retorts B is joined 
to an adapter in copper K^ which itself enters 
into the beak of a receiver of copper E. These 
two joints are carefully heated with a mixture 
of hydrated lime mixed with blood, iron filings, 
and powdered sulphur, or a mixture of dry 
powdered clay and linseed oil forming a thick 
paste. 

The receiver presents a large aperture 
through which the arm can easily pass, and 
which is shut by a covercle h ; a little adjutage 
g is left open for the disengagement of gases, 
and another lateral adjutage/ is used as a "too 
full." All the retorts being thus disposed, 
brick up the front part of the oven (7, under 
the vault, then light the fire, that is gradually 
raised for 12 hours, so as to avoid sudden 
changes, which would break the retorts. Begin 
to heat with coal, which, by its regular com- 
bustion, and its less calorific power of equal 
volume, decrease the chances of breaking the 
retort; terminate it by using dry wood, the 
3 
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lower flarae of which sarroonds the retorts 
better. Keep up the temperature till all dis* 
engagement of gases has stopped. At first, it 
disengages air mixed with vapor of water, then 
hydrogen and oxide of carbon produced by 
the action of the charcoal on the water of the 
acid phosphate. Later, when the acid begins 
to decompose, phosphuretted hydrogen is 
mixed with the oxide of carbon, and this gas 
produces white vapors, which are sure signs 
of the beginning of the production of phos- 
phorus. The volume of the liquid now in« 
creases in the receiver. Let a part run out by 
the adjutage /, to avoid too great a pressure. 
Raise the temperature, so as to sustain the dis* 
engagement, and when it has completely 
stopped, which is the case after three days and 
two nights, the operation is completed. 

If the beak of the receiver is not largo 
enough, it will fill towards the end of the ope- 
ration, and it is necessary to clear it every 
hour with a little bone spatula, being careful 
to have the hand covered with a glove of cha- 
mois skin, and well saturated with water. It 



PHOSPHORUS. 85 

is usual to press and immerse in water the 
the first portions of phosphorus, which swim 
to the surface, and which may take fire during 
the operation. When the inside opening of 
the tube K is clear, the arm and the aperture 
h must be surrounded bj a wet cloth, and the 
tube g ought to be shut to prevent the entrance 
of the air, which might cause a combustion of 
that part of the phosphorus which is on the 
surface. It often happens that the temperature 
rises in the receiver, in which case it can be 
cooled by pouring cold water into it, which is 
taken out by the adjutage /. It is better to 
fix under all the receivers a kind of gutter, as 
indicated in the Fig. 2; then dispose in front 
of the receivers a tube i, which is adapted, at 
will, to the cork of a superior reservoir, so 
that by opening this cork the water is pro- 
jected in a fine stream by the tube i, on the 
receivers; and cools them. 
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6. FURIFICATIOK AND MOULDING, OR GRANU- 

LATioK OF Phosphorus. 

When the distillation is complctedi take 
out the adapter K^ and dip it into cold 
water. Extract the phosphorus of each re- 
ceiver to clear it from the dirt it may con- 
tain. Then filter it through a chamois skin; 
for this purpose agglomerate it by melting it 
under water at 140®; when solidified by cool- 
ing, envelop it in a damp chamois skin, of 
which make a little knot C (Fig. 3), which 
is dipped immediately in a copper dish kept 
in the middle of a receiver A^ full of water at 
122®. When the fusion is complete, press the 
little knot with a wooden dish /)J9, on which 
you press with a lever G^ G^ so as to cause a 
very slowly graduated pressure. The melted 
phosphorus passes through the skin, and re- 
assembles liquid in the bottom of the vasis. 

The operation of producing phosphorus is 
more complete and less dangerous by filtering 
it while warm on animal black. The black is 
spread on a bed of about 5 inches on the false 
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bottoiHi pierced with holes B^ B^ of a cjlin- 
drical receiver A (Fig. 4). 

Fig. 4. 




This receiver has previously been two-thirds 
filled with water heated to 140^ by the water- 
bath C. The water covers the phosphorus ; it 
filters spontaneously through the black, passes 
under the false bottom in Z>, and it can then 
be run out by the faucet E^ put in communi- 
cation by a tube with another cylindrical re- 
ceiver B (Fig. 5), terminated by two hemis- 
pherical cups. This latter receiver, also heated 
over a water-bath Z7, Z>, has a false bottom 
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pierced witb holes; and covered with a chamois 
skin CJ C. The receiver B being full of water, 

Fig. 5. 




open the faucet of communication E (Fig. 4), 
adapted to the tube F (Fig. 5). The phospho- 
rus displaces the water, and deposits on the 
chamois skin. It is covered by a bed of wa- 
ter A. 

Then adapt the tube jP to a pump, with 
which draw the hot water, and stamp it again 
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in the receiver A. The pressure compels the 
phosphorus to go through the chamois skioi 
and it passes under the &1se bottom in E. Let 
it run by the tube (7, to which is adapted a 
draught-tubCi which conducts it under the 
water of an inferior receiver. 

We see that the operation is conducted 
without danger, and with economy. The last 
operation consists in moulding the phosphorus. 
The process generally followed consists in 
forcing it up through a tube, by aspirating the 
air with the mouth, being careful to keep a 
bed of water interspered between them. Shut 
afterwards with the finger the upper end of 
the tube, which is carried immediately in a 
receiver full of cold water, where the phos- 
phorus solidifies and contracts. It is extracted 
in the form of cylindrical translucent sticks. 

Another method of moulding it is indicated 
by Fig. 6. The phosphorus is liquefied exactly 
to its point of fusion over a water-bath //, flj 
in an elliptical or conical vasis /, in the bottom 
of which is an elbowed tube, terminated by a 
ikucet Jj soldered to the partition of a receiver 
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Z, L containing water. Into tbe socket of the 
&ucet a glass tube M, M, the faucet being then 
opened, the phosphorus runs into the tube 

Vig. 6. 



where it comes to ^'ithin 1 or i| inches of the 
end, and aolidifies. Shut with the finger or with 
an obturator N, the end of the tube. Take it out 
and dip it into a receiver full of cold water, so 
as to extract the stick of phosphorus, when re- 
place the tube, and repeat the same operation. 
It is better to leave the tube M, J/, fixed at 
the end of the faucet, and attach to the cork 
N a piece of copper rod. When the phos- 
phorus is soIidiGed around that rod, draw the 
cork which carries away the cylinder of phos- 
phorus. The faucet staying open, the liquid 
phosphorus continues to Qow into the tube^ 
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and to solidify. Thus you obtain a length of 
solid product limited only by the quantity 
of matter, and which is cut at will into sticks 
more or less long. 

The same disposition renders the moulding 
in form of grains very easy. It is sufficient 
to pour on a shelf, at the surface of the cold 
water, and to the height of the tube, a bed of 
tepid water at about 104^, and of a thickness 
of two or three inches, which docs not mix 
with cold water on account of its density ; then 
open moderately the faucet J^ so that the phos- 
phorus can run drop by drop. It is easy to 
understand that every drop in traversing the 
cold mass solidifies, and then the phosphorus 
collects in the form of grains at the bottom of 
the receiver. This granular form is more con- 
venient for weighing than the cylindrical. 

In the above operation, a double furnace 
containing ten retorts, produces 24 pounds of 
phosphorus. The time of the full operation is 
four days. With four of such furnaces, by 
admitting 300 days' work in the year, the pro- 
duct will be 7200 pounds of phosphorus. 
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Each retort costs from 60 to 60 cents, and 
when of crucible earth costs 80 cents. They 
are used but once, for the residuum is so hard 
that it cannot be extracted without breaking 
the retort. A chamois skin lasts only once, 
for its pores being full of dirt the phosphorus 
cannot filter through it. 

The chances of breaking the retort dimi- 
nish the production from 11 to 9 and even 8 
per cent, of burnt bones. 
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CHAPTER IL 

AMORPHOUS PHOSPHORUS. 

In 1851, Dr. Schrotter made known the mode 
of preparation on a large scale, and the properties 
of this kind of phosphorus isomeric with the 
white one. 

Properties. 

Amorphous phosphorus has a violaceous 
brown-red color, opalescent, hard, easy to pul- 
verize. Its specific gravity =» 1.964 at the 
temperature of 50®, whilst at the same temper- 
ature the specific gravity of the ordinary phos- 
phorus at 1.830. It becomes luminous at 892®, 
is not infiammable in the air except if its tem- 
perature is above 392®; and a remarkable 
phenomenon is that it will burn under the 
influence of direct solar rays at a temperature 
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of 181^. It can be preserved in the air with- 
out alteration, and sulphuret of carbon, ether, 
naphtha, and alcohol cannot dissolve it. This 
variety, hardened by a prolonged heat, is more 
resisting, and has that very remarkable pro- 
perty of not being venenous, and of being in- 
flamed in the air by rubbing in presence of 
chlorate of potash. These two properties ex- 
plain the utility of its application in the fabri- 
cation of matches. 

Preparation. 

To obtain amorphous phosphorus according 
to Schrottor's process, the white phosphorus 
must be kept in a close vessel at the tempera- 
ture of 536^ for from eight to twelve days, 
heating it very gradually for two days, a little 
above 464®, to avoid the ebullition of the 
phosphorus. Then heat by degrees up to 53G®, 
being careful not to exceed this point, for 
amorphous phosphorus will be reduced into 
vapors, and form again the ordinary phospho- 
rus. These conditions are realized with three 
concentric receivers of cast-iron, having the 
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form of cracibles. The largest one constitut* 
ing a water-batb, containing an alloy of equal 
parts of lead and tin. The second vessel 
dipped in this one contains powdered sand 
forming a sand-bath, in which is placed the 
third vessel, which last one contains the 
phosphorus, and transmits the temperature re- 
ceived by the intermediary of the two baths of 
alloy and sand. 

Schrotter placed in this third vessel, a 
china vessel, having a similar form, and this 
latter receives the phosphorus. 

A cast-iron covercle is adapted to the third 
vessel; this covercle is maintained by a 
screw, which presses strongly on the centre. 
In all cases, the covercle of the third vessel 
Las a furrow in which is fitted the threaded 
end of a copper tube curved as a syphon; 
and of which the opposite end goes into a little 
kettle containing mercury. This pipe is pro- 
vided with a faucet to shut off the communi- 
cation between the receiver and the mercury 
when the operation is completed. During all 
the time that, with the help of the two baths, 
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» 

tbe temperature is maintained at 536^| a little 
lamp sbould be placed under the tube to keep 
the temperature sufficiently high to liquefy the 
phosphorus which can be carried away by the 
phosphuretted hydrogen gas, and will shut the 
tube if not heated. 

After gradually heating the double bath to 
disengage the air and vapor of water, raise the 
temperature till disengagement of vapors which 
burn in the air. One or two hours after, raise 
the temperature 392®, then to 404®, and at last 
to 536®, and keep it at this point for ten days. 

M. Coignet, of Lyons, has done away with 
the bath. lie heats the phosphorus directly 
with the same care in a cast-iron vessel which 
holds 400 pounds. Five similar vessels, 
holding together 2000 pounds of phosphorus, 
or 4000 in one month can furnish enough for 
the entire consumption of the United States at 
the present time. After cooling, the phos- 
phorus is found hardened. It is then broken 
with a hammer, and taken out, ground in a 

mill with water, passed through a sieve, and 

• 

washed with sulphuret of carbon to dissolve 
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the white phosphorus which has not been 
transformed. 

Another method of separating the white 
phosphoruS| consists in exposing the amor- 
phous phosphorus to damp air, when the white 
phosphorus acidifies, and it is only necessary 
to wash with water to dissolve the acid. 

The surest and most economical method of 
eliminating the white phosphorus is that fol« 
lowed by Mr. Coignet. It consists in submit- 
ting phosphorus to the action of a boiling 
solution of caustic soda, which attacks and 
dissolves the ordinary phosphorus, and forms 
a soluble hypophosphite, and disengages phos- 
phurctted hydrogen. The ebullition is then 
continued, and the alkaline solution changes 
until all fetid odor has disappeared. It is then 
well-washed with water until all the soda is 
removed. 

After the operation, the amorphous phos- 
phorus is dried, and used as \vc shall hereafter 
indicate in the preparation of matches. 



amorphous phosphorus. 49 

Uses op the Two Varieties of 
Phosphorus, 

The principal uses of the two kinds of phos- 
phorus consist in the manufacture of matches. 
For this purpose the annual consumption in 
France is about ^2,000 pounds, while for all 
other uses the consumption is not more than 
1,000 pounds. 
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CHAPTER III. 

SULPHUR. 
Formuia S« Equivalent taaTlB* 

Properties. 

SULFHXJB 18 a substance found abundantly 
in nature, sometimes isolated, and sometimes 
in combination with a great number of metal:). 

Sulpbur may bo obtained in three states. 
At the ordinary temperature it is solid ; heated 
above 232® it melts, and furnishes a very lim- 
pid, canary .yellow fluid; heated at 750® it 
boils and distils. 

Sulphur will crystallize at a low temperature 
by dissolving it in a volatile liquid. The sul- 
phuret of carbon is its best solvent. 

Melted sulphur is perfectly limpid, and of a 
clear, yellow color. Further heated, its color 
becomes deeper, and it loses its fluidity. At 
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820^ it flows with difBculty, and its color be- 
comes brown. 

Sulphur burns with a bluish flame, giving 
out the well-known suffocating smell which 
needs no description. Sulphur combines with 
oxygen in various proportions, two of which 
arc extensively used, the sulphurous and suU 
2)huric ncliU. 

Its fracture is light, its specific gravity ■» 
1.99, and its equivalent « 10. 

It combines with all metals and metalloids 
but nitrogen. 

Natural Statb. 

Sulphur is found native, and in combination 
with iron, lead, mercury, antimony, copper, 
and zinc. 

It is met also in many sulphurous waters 
united with hydrogen, in several plants, and 
a few animal matters. 

EXTIUCTIOX. 

Sulphur found in the trade is generally pure 
enough for the fabrication of matches. 
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CHAPTER IV. 

bed ochre — minium— bi-oxide of lead — 
bi-oxide of manganese. 

Bed Ochre. 

The red oehre^ or sesquioxide of iroDi is violet 
red, less easy to melt than iron, unalterable by 
heat, without action on oxygen or the air. 

The sulphuric and hydrochloric acids dis- 
solve it easily. 

It exists very abundantly in nature; it is 
the sesquioxide of iron which colors the argi- 
laceous earths. It can be obtained by different 
processes : 1st. By calcining iron in contact 
with the air ; 2d. By decomposing the salts of 
sesquioxide of iron by ammonia; 3d. By de- 
composing the nitrate or carbonate of iron by 
heat. The cheapest process is to decompose 
the sulphate of sesquioxide by heat. 
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The sesqnioxide of iron has several uses. 
In the fabrieation of matches it is employed to 
color fancy matches. 

The yellow oclire^ or sub-sulphate of iron, is a 
natural product. 

MlNIU^L 

Minium is an oxide of lead, pulverulent, yel- 
lowish-red ; it is formed of two eq. protoxide 
of lead, and one bi^oxide, and is represented by 
2(PbO)PbO,. 

It is prepared in the following manner : — 
Calcine the lead in a reverberatory furnace 
till converted into vcUow oxide ; the mass is 
well ground, and the powder submitted to the 
action of a current of water, which carries 
away the oxide. Collect it, and dry it, and in 
this state it is called massicot. Have ready 
some sheet-iron vats, 4 to 5 inches deep, con- 
taining 50 pounds of massicot, and put them 
into the reverberatory furnace which has been 
used to prepare the massicot, and leave them 
over night. The oxide absorbs the oxygen, 
and passes at the state of red oxide or minium. 
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One fire is not suiTicienty and the operation 
must be repeated several times. 

The more thoroughly the oxide is divided, 
the more readily is it converted into minium. 

As found in the trade, it is pure enough for 
the fabrication of matches. It is employed to 
color matches, auJ prepare the bi-oxido of 
lead. 

Bi-oxii)K OF Lead. 

This oxide has a flea color. Air and oxygen 
have no action on it. ITeat transforms it first 
into minium, then into protoxide of lead. 

Bubbcd in a mortar witli sulphur it takes 
fire, and produces pulphnrous acid and 8\il. 
phurct of lead. IlydriH^lilorio aeid decomposes 
it into watcri chlorine, nnd chloride of lead. 

The bi-oxide of lead does not exist in na« 
ture. It is represented by PbO^. 

It is better for the manufacturer of matches 
to prepare it himself^ for it is rarely found in 
the trade, and generally it is not pure. It is 
prepared by treating the minium with nitric 
acid. For this purpose introduce 1 part of 
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minium in a glass or earthen vessel, pour on 
it 5 to 6 parts Of nitric acid* diluted with its 
weight of water; raise the temperature by 
degrees to ebullition, shaking from time to 
time. The minium is decomposed ; it gives its 
protoxide to the acid, and the bi-oxide is set 
free. When the decomposition is achieved, 
which does not take more than half an hour, 
fill the vessel with hot water, and let to 
settle, the bi-oxido deposits. Decant the clear 
li(][uor which contains the nitrate of lead, and 
substitute for it pure warm water; decant 
anew, and continue the same operation until 
the water has no taste. Collect the precipitate 
on a filter, and dry it at a jgentle heat. 

It can also bo prepared in the following 
manner : — 

Boil a solution of acetate of lead with an 
excess of chloride of lime in solution. Wash 
the precipitate on a filter to eliminate the salts, 
and dry it at a gentle heat. 

This oxide is now largely used in the prepa- 
ration of matches. 
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BiKOXIDB OF MANaAVESB. 

The binoxide of manganesOi such as found 
in the trade, ifl pure enough ; but it is better 
to treat the commercial oxide by diluted hy- 
drochloric acid until all effervescence has 
stopped. Let it settlci decant, and wash the 
residue with warm water until this water has 
no longer any taste. Collect the oxide on a 
filter, and dry it 
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CHAPTER V. 

8ULPHIDR OP ANTIMONY — OXY-SULPHIDB OP 
ANTIMONY— SULl'UURIDK OP MKKCUUY (VER- 
MILION) — CYANIDE OP LEAD. 

Sulphide op Antimony. 

This sulphide (per-sulphidc) Sb^S, is orange 
yellow. Heat decomposes it into sulphur and 
proto-sulphide. Hydrochloric acid dissolves 
it with disengagement of sulphydric acid and 
precipitation of sulphur. It is obtained by 
mixing a solution of perchloride of antimony 
with tartaric acid, and passing a current of sul- 
phydric acid through it. The precipitate is 
well washed, filtered, and dried at a gentle 
heat. 

OxY-suLPiiiDES OP Antimony. 

When the sulphide of antimony is reduced 
to powder, and roasted until it has lost its me- 
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tallic brightnesSi then melted, it produces an 
opalescent product with a vitreous break. It 
is a mixture of oxide and sulphide of antimony, 
which takes the name of crocus or liver of aw/t- 
viony^ according to the proportion of sulphur 
it contains. 

The crocus contains I of its weight of sul« 
phur, and the liver of antimony }. But as the 
oxide and sulphide can combine together in 
many proportions, it is evident that the com- 
position of these two products must vary. The 
first has a yellowish-rcd, and the second a 
brown and tarnish-red color. 

Sulphide op Mercury. 

The sulphide of mercury (vermilion), as 
found in the trade, is sufficiently pure for the 
fabrication of matches. 

The sulphide of mercury (IlgS) sometimes 
exhibits a red color, more beautiful than that 
of sublimed cinnabar. Ilcat decomposes it 
into sulphur and mercury. Hydrogen, carbon, 
and many metals also decompose it. Nitric 
acid and aqua regia rarely attack it. In the 
fabrication of matches it is used for coloring. 
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Cyanidr op Lead. 

Cyanide of lead is obtained by adding a 80« 
lution of cyanide of potassium to a solution of 
acetate of lead, and it forms a precipitate which 
is washed by dccantation. The precipitate is 
then collected on a filter, and dried at a gentle 
heat. 
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CHAPTER VL 

chlorate op potash — ^nitrate op potash- 
bichromate of potash — nitrate op lead. 

Chlorate op Potash. 

Chlorate of potash (KOCIO,) is an anhy- 
droas salt, which crystallizes ici the form of 
small spangles. They arc . larger when the 
crystallization is cQected slowly. It is nj^uch 
more soluble in hot than in cold water. 

100 parts water at 32'^ dissolve 3.33 parts cLlor. of potash. 
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Alcohol does not appreciably dissolve it. 
Chlorate of potash fuses at 750^ ; at a higher 



CHLOEATE OF POTASH. 61 

temperature it parts with its oxygen, and is 
ultimately reduced to chloride of potassium. 
On Ignited coals it deflagrates vividly. It is 
one of the most active oxidizing agents, and 
forms explosive mixtures with the majority of 
combustible substances. Thus, an intimate 
mixture of it with sulphur, produces a violent 
detonation when placed on an anvil; and struck 
with a hammer. Those mixtures should be 
made with great care, and in small quantities 
to avoid accidents. 

The detonating mixtures, formed of chlorate 
of potash, are much more powerful than the 
corresponding mixtures made with nitre. Gun- 
powder, much superior to that in ordinary use, 
has been made with chlorate of potash, but it 
was excessively ecrjyhsive, and burst the fire- 
arms in which it was used. Its preparation 
and preservation being very dangerous, its 
manufacture has been abandoned. 

A mixture of chlorate of potash and sulphur 
has also been used in the fabrication of per- 
cussion caps for guns, but /ulmlnatnifj mercury 
is now preferred. 
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If a drop of concentrated salphuric acid be 
thrown on a mixture of sulphur and chlorate 
of potash, the sulphur takes fire. Advantage 
was taken of that property for producing fire, 
and the process was generally followed until it 
was superseded by the phosphoric matches. 

Commercial chlorate of potash is sufficiently 
pure ; but, before using it, the manufacturer 
must dry it completely. 

Nitrate of Potash. 

Nitrate of potash (NO5KO), commonly known 
in commerce by the name of nitre and mUptire^ 
is a natural production. 

It has a cool, slightly bitter taste; its den* 
sity S3 1.933. Subjected to the action of heat 
it melts at about CG2^, forming a mobile liquid^ 
which congeals on cooling, with a vitreous 
appearance. Heat decomposes it into nitrite of 
potash. 

It is more soluble in hot than in cold water. 

100 parts water at 32^ disr^olve 13.:i2 parts nit. of potash. 
" " 64-.4 " '':::^.\M «« " 

*« •« 113^^ " 71.t;0 " «* 

^ ** 206:^.0 *' 23G.i»C> '« •* 
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Nitrate of potash is a powerful oxidizing 
agent; thrown on ignited coals it fuses, in- 
creasing the combustion of the coal at tho 
point of contact. A mixture of it with sulphur, 
thrown into a heated crucible, produces a vivid 
combustion with great evolution of light, and 
forms sulphate of potash. It is one of the 
components of gunpowder. 

Nitrate of potash, before using, must be 
perfectly dry. 

Bichromate of Potash. 

Bichromate of potash K02(Cr203) has a very 
intense red color; its taste is fresh, bitter, and 
metallic; it crystallizes in large rectangular 
tables, anhydrous, inalterable in the air, insol- 
uble in very concentrated alcohol, soluble in 
ten times its weight of water at 63°. It de- 
stroys vegetable and animal colors. It is siif- 
ficiently pure as found in the trade. 

Nitrate of Lead. 

Nitrate of lead is prepared by dissolving 
litharge or white lead, or metallic lead, in an 
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excess of nitric acid, taking care in tbe latter 
case to keep the acid in excess. 

The hot solution, when saturated, deposits 
on cooling regular octahedron crystals of ni- 
trate of lead, which arc sometimes transparent, 
and sometimes opalescent, but in each case 
anhydrous. The manufacturer of matches can 
make it more easily when he prepares the bi- 
oxide of lead, by evaporating the acid solution; 
the nitrate of lead crystallizes on cooling. Cold 
water dissolves only about } of its weight of 
nitrate of lead, while it is much more soluble 
in hot water. Crystals of nitrate of lead de- 
crepitate on hot coals, and feed the combustion 
like all the nitrates. Kitratc of lead is decom- 
posed by heat into hyponitric acid, which is 
disengaged, and protoxide of lead which re- 
mains. By boiling a solution of nitrate of lead 
with the oxide or carbonate of lead, a liquid is 
obtained, which deposits, on cooling, largo 
crystals of a basic nitrate (2PbO,NO+IIO). 

A nitrate of lead, possessing still higher 
basic properties is obtained by treating tlio 
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nitrate or bi-basio nitrate with ammonia, when 
a white precipitate of the formula (4PbONO^ 
+SIIO) is formed. A large excess of ammonia 
decomposes this precipitate, and leaves hy- 
dratcd oxide of lead. 
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CHAPTER VIL 



GUM— GELATINS. 



Gum. 

Certain substancesi as yet imperfectly un- 
derstoodi which issue from trees, are called 
gums. Their elementary composition is the 
same as that of amylaceoas matteri but they 
differ from it in several of their chemical pro- 
perties. Gum may be divided into three spe- 
cies. 

1st. Oum arable. 

2d. Indigenous gum. 

8d. Oum tragacanih. 

Gum arable issues in the form of a viscous 
solution, from certain species of acacia, and 
after some time the substance coagulates and 
dries on the tree. Large quantities are im* 
ported from Senegal. 
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Gum arable is found in small round masses, 
having a eoneboidal and vitreous fraeture, and 
its taste is sweetish and nearly insipid. It dis- 
solves into indefinite proportions in water, im- 
parting to it a peculiar consistence called 
gummy. It dissolves slowly in cold, and ra- 
pidly in hot water. 

The purest gum arabic has always a slightly 
yellowish tinge; but it may be made perfectly 
colorless by passing chlorine through a boiling 
solution of gum, and drying the substance. 

G um tragacanth flows from certain vegetables 
of the genus Astragalus^ which are cultivated in 
the eastern part of Europe. It exudes in the 
* shape of a very thick gummy juice, which by 
solidifying forms small contorted strips. This 
gum is the mixture of several substances. The 
essential principle of this gum is called bassonn; 
it docs not dissolve in water, but it swells, and 
is converted into a gelatinous substance. It 
dissolves in alkalies. 

Nitric acid converts gums into mudc acid. 
Gum in the fabrication of matches must be 
used in fine powder. 
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Gelatin. 

Common gluo answers tbo purpose in the 
fabrication of matclics; it is manufactured from 
leather scraps, tendons, horns and hoofs of ani- 
mals. When heated it melts, and congeals on 
cooling into a remarkably coherent mass. Cold 
M'ater merely softens and swells without dis- 
solving it, while boiling water dissolves it, and 
forms a viscid liquid which coagulates into a 
more or less consistent jelly on cooling. Al- 
cohol precipitates gelatin from its aqueous 
solution. Prolonged ebullition with water 
destroys gelatin, and it no longer coagulates. 
When glue is used, it is better to soak it in 
tepid water for 2:1 hours before dissolving it. 
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CHAPTER VIIL 

COLORIXO MATTERS USED IN THE PREPARATION 

OP MATCHES, 

We have already indicated two, the vermi- 
lion and the minium, and wo shall now men- 
tion a few others extensively used. 

Prussian Blue. 

To ptepare it, dissolve in water some per- 
sulphate of iron; pour into this solution a 
sufficient quantity of yellow prussiate of potash. 
It forms a blue precipitate; let it settle; decant 
the clear liquid; wash the precipitate several 
times with water; collect it ou a filter, and 
dry it. It is used to color blue. 

CuROMATfi OF Lead 

Is prepared by adding a filtered solution of 
acetate of lead to a like solution of bichromate 
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of potasb, as long as a precipitate forms. 
Wash it with water; collect on a filter, and 
dry it at a gentle bcatt 
It is employed to color yellow. 

Other Blue Colors. 

Instead of Prussian blue, the ultra-marine 
and smalt can be used. 

Green. 

Employ the green of copper, or a mixture 
of chrome yellow and Prussian blue. 

Violet. 

Use a mixture of Prussian blue and vermi- 
lion. 

Black. 

Use very divided lampblack. 

White. 
Use a little white lead or chalk. 

Other Colors. 

Several experiments have been made of em- 
ploying colors of coal tar, and have so far sue 
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ccedcd. As tbeir coloring power is very 
strong, very little is required to color large 
quantities of paste. Tbey are used dissolved 
in alcohol. The powdered gum is colored 
with ity and dried afterwards.* 

Varnish tor Matches. 

Some fancy matches are covered with a 
light varnish, which is prepared by dissolving 
black shellac in alcohol. The solution must 
be very diluted, and is sufficient to give a 
brilliancy to the matches. 
The proportions are — 
Black shellac, 1 lb. 
Alcohol, 1 qt. 

* For their preparation, see Treatise on the Preparation 
of Coal-tar Colors. FabUshed hj XL. C. Baird, Phila- 
delphia. 
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PARRICATION OP MATCHES. 



CHAPTER IX. 

GENERAL REMARKS OX MATCHES. 

Among the properties which characterize 
sulphur, its inflammability at 482^ explains 
its earliest application in the fabrication of 
matches. That fabrication has received from 
chemistry various and important modifications, 
which facilitate the means of obtaining fire 
and light almost instantaneously. 

"When, for the first time, a match could be 
inflamed by dipping it in a bottle full of phos- 
phoric mastic mixed with oxide of phosphorus, 
the result was fine, but was far from those now 
obtained. This primitive invention is due to 
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Cagniard de La Tour, and is the foundation of 
the actual industry of matches inflammable by 
friction. 

The inflammation became more easy when 
the end of each sulphuretted match was pro- 
vided with a paste called oxygenated^ formed of 
powdered sulphur, 25 ; chlorate of potash, 30 ; 
lycopodium, 2; cinnabar, li; agglomerated 
by 5 or 6 parts of a solution, containing 4 of 
gum arabic, and 3 of gum tragacanth. This 
mixture once dried, could be effectively in- 
flamed when the end of the match, thus pre- 
pared, was put into contact with asbestos im- 
bibed with concentrated sulphuric acid. This 
acid decomposes the chlorate of potash ; sets 
free the chloric acid which is immediately 
decomposed, and produces nascent oxygen 
which burns the combustible substances. 

The following process was an improvement: 
Make a very thick solution with 50 parts of 
gum, and add to it 20 parts of pliosphorus, 
which being mixed with 30 of chlorate of 
potash, and 0.5 of Prussian blue, gave an ad- 
hesive paste. That paste, dried at the end of 
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the matches, took fire by friction. All these 
processes were very imperfect, and have been 
much modified. 

Now the fabrication of matches is carried on 
in considerable establishments, which occupy 
several hundred men. It exists also in small 
factories, worked only by a single family. But, 
as generally those small factories do not work 
regularly, all the operations here indicated are 
done only in largo establishments.* 

The fabrication of matches is divided into a 
series of operations which we shall enumerate 
and describe rapidly in the following order : — 

1. Fabrication of wooden matches. 

2. Cutting and splitting of the wood. 

3. Making of boxes. 

* In Germany tliere are very important mannfactnrera 
of matches, such as those of Mr. Romer, at Vienna, LeT/i 
at Prague, Furtz, at Shnttenliofer. According to Mr. 
Feligot, Mr. Fartz manufactures yearly 600,000 cases of 
matches. He employs 400 ipen, and uses 800 pounds of 
phosphorus. The establishment of Messrs. Freschell and 
Pollack, at Vienna, is also very important, and well or- 
ganized. 
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4. Laying in press the body of the matches. 

5. Dipping into the sulphur. 

6. Drying. 

7. Taking down the presses. 

8. Putting up into packages and boxes. 

9. Preparation of the paste. 

The first three operations are a special fabri- 
cation, generally done outside of the match 
factory, and it employs nearly as many men 
as all the other operations together. 

The last six operations are carried on in the 
factory, and if the establishment is not consid- 
erable enough to have separate buildings for 
each one, all the hands are necessarily placed 
under the same hygienic conditions ; but in a 
well organized establishment there are separate 
buildings for every operation. 
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CHAPTER X. 

OPERATIONS FOLLOWED IN THE FABRICATION 

OP MATCUES. 

The wood of tho white poplar {Populus tre- 
mula and P. alba) is generally used to prepare 
wooden matches. Birch wood is more costly, 
and less easy to split ; the matches it produces 
burn longer. Pine wood is very good for the 
preparation of cylindrical matches. 

The first operation consists in drying the 
chunks of wood, in an oven, situated above a 
baker^s furnace. The oven ought to be heated 
to 428®. When the greater part of the water 
has escaped in the form of steam, shut off all 
communication with the air, and leave tho 
wood in it for 12 or 21 hours, open tho oven, 
and begin another operation. 

The dried chunks arc cut into stumps from 
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2 1 to 8} incbes long, according to the size of 
the matcllcs. These cylinders are split square, 
then, with a knife, they are cut in the direction 
of the ligneous fibre, in shelves parallel to one 
of the sizes; cutting them in a perpendicular 
direction to the first section, all the shelves are 
subdivided in prisms, which adhere to each 
other if the knife stops at a few lines above 
the bearer; when the matches are to be isolated, 
the knife cuts the block in all its length. 

It will interest the reader to know the ap- 
paratus used in Germany to manufacture 
wooden cylindrical matches. To prepare the 
wood, a plane is employed, the blade of which 
is represented below. 

Fig. 7. 
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This little tool is very simple. The iron of 
the plane consists of a little quadrangular and 
flat bar of steel. The bar is a little curved at 
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one of its ends, which is filed, and has in it 
three cylindrical holes which are pierced with 
a drill, and which, being filed, become the 
punch which penetrates into the wood, and 
converts it into little cylindrical sticks. This 
iron is fixed into an ordinary plane. 

The wood used is pine, without knots, in 
pieces from 2 feet 2 inches to 2 feet 5 inches 
long. The piece of wood, fixed on a table, is 
smoothed with an ordinary plane; every time 
the man planes, he draws from this piece of 
wood, thus prepared, three sticks the length of 
the wood. One man can produce every minute 
180 sticks, then each stick giving 14 matches, 
he makes every hour 151,200 matches, or 
1,512,000 in a day of ten hours. These sticks 
are fixed in bundles ready to be cut, and arc 
tied together with strings conveniently placed. 

When the large sticks are tied up they are 
cut with a knife, having the extremity of the 
blade moving around an axis. This operation 
is very rapid. 
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2. Layinq in Press.' 

The pieces of wood which are to form the 
matches are brought into the factory in pack* 
ages of 1500 to 2000 ; they are distributed to 
the hands who set them in the presses. They 
dispose a large number (SOO to 1000) in a 
wooden frame, in which they are fixed in such 
a way as to be dipped at once into the chemical 
mastic. This operation occupies the most 
hands in the factory. 

When the work is well divided, the number 
of hands employed in that operation would be 
equal to about the J* of the total number 
of persons employed in the factory. 

* This can be jadged according to the i)crsonnel of Bomo 
factories in Paris. At Mr. Moril]oD*B, where 3 or 4 women 
are sufficient to di.smoant the i)rcs»cs, there are IGO em- 
ployed to aw them. At Mr. Malbcc*rf, they employ 
1^0 fillers; 35 who dismouut and fiU the boxes, a 
dipper to the sulphur, one to the mastic, a griuder for 
the mastic, and a foreman. At Mr. Delacourcelle*s, on 
50 men, thero are 44 ilUers, 4 dismouuters, 1 dipper, 
and 1 foreman. 
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This operation is done in the following man* 
ner : Each woman takes into her hand a cer- 
tain number of pieces of wood, and spreads 
them rapidly on a shelf with notches, disposed 
in such a manner that each notch receives one 
body. The shelf being full, ^Yith the other 
hand, she takes another shelf similar to the 
above, and covers the first one. A second, a 
third, etc. shelves are placed in the following 
manner until the frame is full. When the frame 
contains 15, 20, and even 25 superposed shelves, 
they are fastened and fixed together with 
screws. 

In Germany, where the fabrication of matches 
is the most advanced, thoy operate in the same 
manner, and it is the quickest process for the 
sulphuration. Mr. Feligot has ascertained that 
by this process a woman can fix in one day 
200,000 matches. 

In a well constructed factory, the above 
operation can be conducted, without in any 
way endangering the health of the operator. 
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8. sulphuration or dippinq ik thb 

Sulphur. 

The presses being filled, and laid up, are 
brought by women or children into the room 
intended for the dipping. The dipper takes 
the frame with both hands, and dips the ends 
of the bodies into sulphur melted in a square 
iron kettle, about 2 inches deep, with a flat 
bottom. 

The sulphur must be at the temperature of 
462^, and is kept at this point by a gentle 
heat, which can be limited by adding to it, 
from time to time, a piece of solid sulphur. 
Two flat kettles can also be used on the same 
fire, the first receives the solid sulphur, and 
when liquefied, it runs into the second. To 
be certain that the temperature does not raise 
above 482^, it is preferable to use a bath of 
boiUeg chloride of zinc. 

4. Dipping into the Chemical Mastic. 

The dipping of sulphuretted matches into 
the cl^^mical mastic is always done in the same 
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reom IS the salphnntioo, mnd the two dippen 
work side by side. When the matches have 
been covered with salphor at their extremitj, 
the dipper deposits the presses on the floor 
near the other dipper, who takes them to oom- 
picte their preparation by dipping the sni- 
phorettcd end into the chemical mastic. This 
operation is done in the same manner as the 
above, except that instead of a hollow kettle, 
a marble table is nsed, on which is spread a bed 
a quarter of an inch thick, of chemical mastic, 
half liquid. When the matches of one press 
have been dipped, the bed of mastic is smoothed 
again with a kind of trowel. He dips a second 
press, and so on throughout 

In Germany stone tables are used. In Paris, 
Mr. Malbec has adopted the use of a kind of 
trough, with a flat, copper bottom, square, and 
about 1} inch deep; it is placed on a stone 
table. When we come to speak of -the question 
of explosions in factories, it will be seen that 
it is not a matter of entire indifference what 
disposition is made for dipping, and that it is 
an advantage to use Mr. Malbec's apparatus. 
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5. Drying of Matches. 

Matches, saturated with the chemical inastiCt 
arc placed in the oven to dry. The presses 
arc fixed on an open shelf where they will dry 
freely. The thermometer is used nowhere to 
graduate the temperature, so that the desic- 
cation is operated more or less quickly. Gen- 
erally the presses are lefl in the oven 24 hours. 
Hereafter we shall speak of imperfections in 
the disposition of the oven. 

6. DlSMOUNTINO OF THE PkESSES— PUTTINQ 

UP IN Packages and Boxes. 

When the matches are thoroughly dried, 
the presses are carried to the women who have 
charge of the dismounting of them ; they undo 
the frames, empty the shelves, and collect the 
matches in bundles. This operation is done 
quickly, and in many manufactories, the 
persons who dismount the presses are the 
same who make up the packages and fill the 
boxes. The sequel of this work will show the 
importance of having the matches put up into 
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boxes immediatoly ader they are taken from 
the press. In many establishments matches 
are put up into packages of 1000 or 1500, and 
surrounded with paper. It is an imperfect 
method. 
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CHAPTER XL 



FRICTION MATCHES wrTHOUT N0IS8. 



We give below several usual compositions 
of phosphoric mastic for ordinary matches. 
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^Ir. Boetiger has given the two following 
compositions now in use:— - 



Pbosphoms • . 
Nitrate of FoUeh 
Minium • • 
Glue . . . 



I. IL 

• 4 parts 9 parts 
. 10 •• 14 •* 

• 3 "or Binoz. Mangan. 14 " 
. fi ** orOiim 1(5 " 
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ir glue ia usod, break it into small pieces ; 
macerate it three boars to cold water, and after* 
wards melt it in a copper kettle, A, bcatcd over 
a water bath, B (Fig. 8). When the glue is 

Fig. fl. 



fluid, and at 212*, take the kettle out, and put 
it in the circular aperture of a table, (Fig. 
9), which will hold it firmly. Add to it by de- 
grees the phosphorus, which melts immediately, . 
and must always be covered by the aqueous 
liquid. Begin to stir, in turning the mass, 
with a wooden scovel covered with hair. 



88 

Stir an the time till cold, so as to bare a 
well divided emulsion of phoaphonis. Tlien 
incorporate the sand and tbe coloring matter. 

Kg. 9. 



This miztare is kept Quid by putting the dish 
which contains it over a sand bath, heated to 
about 97'. Spread that paste, with the help 
of a rule, over a niarblo or cast iron table, 
which is kept warm by means of a water bath 
placed under it. Itcncw that paste by succes* 
fiive additions every time you impregnate the 
matches. 

When gum is used, the operation on the 
table must be performed while cold, in which 
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case tbe gum is dissolved beforehand in water, 
so as to have a convenient provision. This 
solution thus prepared is used and weighed 
according to the different formula). 

Put the gummy solution into the copper 
kettle (Fig. 8); heat it to 212^ over a water 
bath ; take out the kettle, fix it on the table 
(Fig. 9) ; put the phosphorus into it by degrees. 
It stays in tlio bottom A\ Beat well in emul- 
sion till cold. This operation lasts about 1^ 
hour for 7 pounds of phosphorus. 

That paste is used like the glue, with the 
exception that the table is kept cold. 

When the matches have been saturated with 
the paste, the frames are put vertically, so as 
to dry in the air. 

After two or three hours, carry the frames 
and place them in the oven. When glue is 
used, the desiccation is completed in one or two 
hours; with gum it requires 24 hours. This 
last preparation is the most costly. 

The oven must be of incombustible materials, 
heated gradually and regularly by pipes dis- 
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posed in the sarrounding earth. Steam or 
water heated by a boiler outside circulates in 
these pipes. 

To avoid having a general conflagration, in 
case of fire, separate the upright posts which 
support the frames by vertical plates of sheet 
iron. 

It is desirable to keep on the floor a bed of 
sand, 4 to 5 inches thick, to avoid setting fire 
to the matches in walking on them, or when 
they are on fire, that they may be covered im- 
mediately. 

When the desiccation is completed, withdraw 
the frames, and carry them into a room in 
which they are dismounted. The women who 
perform that operation must always have near 
them boxes full of sawdust, into which to dip 
the matches which may accidentally take fire. 

In some of the following chapters we shall 
treat of the diflerent precautions to be taken 
to avoid fire, and to prevent the accumulation 
of vapors in the rooms. 
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CHAPTER XIT. 

MATCHES WITHOUT SULPHUR. 

To manufacture such matches the wood is 
prepared like other matches, only it should 
be very dry, particularly at the end of the 
operation. 

When the matches have stayed in the frame, 
they are laid on cast iron plates, and heated 
to the point to acquire at their extremity 
a slightly brown color; these same ends, 
being very dry, are put, for a few seconds 
only, on the flat bottom of a dish, covered with 
from J to J an inch of stearic acid, melted by 
a water bath. A small quantity of the grease 
is absorbed by the wood, and ascends through 
the fibre. The end of the match is covered 
as usual with the phosphorous paste thus 
formed: — 



92 



Fhotpbonis 


3 parts 


Gam • • • 


0.6 •• 


Water 


3 " 


Sand • • • 


2 «• 


Bi-oxide of Lead • 


2 " 


Coloring Matter • 


0.5 «« 



The stearic acid can be sabstituted by par- 
afBne, spermaceti, wax, etc. 

Matches with stearic acid produce light and 
fire more rapidly when wanted, the grease 
and the wood burning simultaneously, whilst 
with sulphuretted matches it is necessary to 
wait till all the sulphur has burned superBcially 
before the wood begins to inSame. These 
last matches in burning exhale a disagreeable 
odor, whilst the former give a very slight 
smell of stearic candles. 

There is but a trifling diOerence in the cost, 
for ten times as much sulphur is required as 
stearic acid. Indeed 1 pound of stearic acid 
costs at the most 27 cents, an^. 10 pounds of 
refined sulphur cost about the same. This 
improvement is of real importance. 

We have examined the matches called Dia- 
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tnond State Parlor Matches, prepared by 
Messrs. Swift and Courtney, Wilmington, Del. 

They are prepared as the above without any 
coloring matter, and they are, in our opinion, 
far superior to the German matches. 

Mr. James R. Dey, 66 Cortland St., N. Y., 
prepares also the diamond matches, and the 
water- proof Vienna and Strella match, which 
realize as much as the German matches, and 
are of superior quality. 

The matches we have indicated in the pre- 
paration above are colored blue, red, yellow, 
or green by adding 0.5 of the coloring matter 
in the mixture, and they are rendered water- 
proof and shining by coating them with the 
varnish of which we have indicated the com- 
position; but in our opinion, the diamond 
matches owe their superiority to this fact, that 
they do not receive any coating of varnish. 
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CHAPTER XIII. 



CANDLE HATCHES. 



This kind of matches, invented by Messrs. 
Savaresse and Merckel in 1836, and improved 
in 1849, is prepared with a machine similar to 
a weaving loom, carrying a chain disposed for 
the weaving. Every wick of the match is 
composed of pieces of cotton, not twisted, and 
represents one thread of the chain, and 100 or 
200 of these wicks rolled on a cylinder, and 
separated by a comb ; pass through a bath of 
melted wax; they are drawn in a drawing 
frame which renders the wax smooth, cylin- 
drical, and adhering around the wicks. A 
mechanical knife cuts, at one time, all the 
wicks according to the determined length, from 
1 to 1^ inch. The end of each match has 
the wax taken off, and the paste applied to it, 
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80 at a time. They are dried and put into 
boxes. 

These candle matches are ignited by friction. 
They give immediately a fine light, which lasts 
one or two minutes, that is, four or ?tght times 
as long as the wooden matches. 

The phosphoric mastic ought to be easily 
iuflammable; for the cotton and the wax 
not having the solidity of the wooden matches, 
cannot resist powerful friction as well. 

The paste is thus formed : — 

Ordinary Phosphorus . . . . • 12 partfl 

Gum .14 •• 

Sulphuret of Antimony . • . • 3 *^ 

Minium • 35 ^ 

^.. . . . , «, J 5^ or bi-ox. lead . 36 «• 

Nitric Acid . 21 i 

Vermilion . . . ... . . 0.1 •* 

We shall say but a few words of the tinder 
and paper match. A large sheet of tinder is 
cut into small squares, and at the end of each 
square is applied a little of the phosphoric 
mastic. To light them they are inflamed on a 
rubber prepared of paste-bpard, on which is 
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applied a coating of glae and powdered glassi 
or emery. 

The paper match consists of filtering paper, 
which has been macerated two or three hours 
in a solution of nitre, and when perfectly dried, 
it is cut into small bands, which are doubled, 
and at the end of each is applied some phos* 
phoric mastic 
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CHAPTER XIV. 

VATCHSS OF AMORPHOUS PHOSPHORUS. 

These new matches can be prepared with 
gum or glue. In the first case, dispose before- 
hand a mixture of equal parts of gum arable 
and water, so as to have a viscous solution. 

In 2 ounces of that solution mix 1} ounce 
of finely divided chlorate of potash, add the 
same quantity of powdered amorphous phos- 
phorus, and Q^ drachms of powdered glass. 
This mixture is spread on a hollow marble 
about 1| to 2 inches thick, so as to form a 
coating about 1 inch thick, which is kept at 
the same height, by adding some of the paste 
from time to time. Dip into it the end of the 
matches, which should have been sulphuretted 
beforehand. 

If instead of guni you use gelatin, which ad- 
7 
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teres more strongly, and resists atmospberio 
influences better, take nice white gelatin, and let 
it macerate from two to four hours in twice its 
weight of water, and afterwards dissolve it 
over a water-bath heated to 122^ for about 20 
minutes. To 75 parts of that solution, add 
40 parts of chlorate of potash in powder, 40 
parts of amorphous phosphorus, and 20 parts 
of powdered glass. The mixture is spread on 
a marble, the temperature of which is kept at 
105® by steam produced by a water-bath. 
Pour it on to the sulphuretted end of the match, 
and dry as usual.* 

Some of these matches take fire only on being 
struck on a particular kind of rubber. Their 
paste is thus prepared : — 

i^morpbons Phosphorns • • • • G parts 
Salphnret of Antimony • • • • 2 to 3 *' 
Glae • • • 1 part 

* Amorpboas pbospboros costing two dollars a pound, 
instead of ninet/ cents, tbe price of tbe ordinary pbos- 
pboms, renders tbese matcbes a little more costly, but 
tbey are not dangerous nor venomoas. 
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The rubber is prepared by laying over one 
side of a paste-board the following compo- 
sition : — 

Amorpboaa Phosphoras • • • .10 parts 
Binox. Manganese, or Sulpli. Antimonjr .8 ** 

Glae 3 to 6 *' 

All those compositions must be well mixed, 
carefully avoiding pulverizing the chlorate of 
potash with the combustible substances. 
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CHAPTER XV, 



HATCHES AND BUBBEBS WITHOUT PH08PH0BUS. 



We give below the different compositions 
used to prepare these matches :— 
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The following is very good : — 
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Powdered Glass 10} 
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These compositions applied to different kinds 
of wooden matches, take fire when they are 
rubbed on the ordinary rubbers, made with 
powdered sand, or glass and glue. 

There are some other kinds which require a 
particular rubber : — 

ComposUioD for the Match. Composition for the Rabber. 

Chlorate of Potash, 7 J parts. Chlorate of Potash, 6 parts* 

Nitrate of Lead, 22 parts. Slags, 1 part. 

Bichrom. of Potash, 2 J parts. Emerj, 1 part. 

Sulphur, 1} part. Miniam, 1 part. 

Gam, 6} parts. Glue, q. s. 
Water, 18 parts. 

The glue must lie in sufficient quantity to 
make a paste which will adhere to wood, etc. 

Some new matches without phosphorus, in« 
flammable by rubbing on a small grate^ are 
made now by dividing into two parts the paste 
prepared in the following proportions : — 

Chlorate of Potash 5 parts 

Bichromate of Potash . . . . . 2 '' 

Powdered Glass 5 *' 

Gum . 15 ** 

Water C " 



102 MATCHES. 

The first three substances are powdered to* 
gether, and mixed afterwards with the gam 
previously dissolved in water. Half of this 
compound, diluted with a solution sufBciently 
adhesive, is used to cover the tubbing surface 
by adding to it 0.2 of its weight of emery. 

If to the above mixture 0.8 of red sulphur- 
etted antimony is added, you can make matches 
which will ignite by rubbing them on any 
polished or rough surface. 
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CHAPTER XVL 

NEW HATCHES CALLED SAFETY HATCHES. 

Lately new matches Lave been prepared 
by Messrs, Vaudaux and Poignon, which are 
free from white phosphorus, are without dan- 
ger of poisoning, and diminish the chances of 
fire. The following is the composition of the 
chemical mastic: — 

Chlorate of Potash 00 parti 

Bichromate of Potash 45 " 

Biuoxide of Lead 25 *' 

Minium 20 " 

Oxjr-sulphuret of Antimon/ • • . • 20 " 

Sulphuret of Autiuioiiy • • • • . • L*) ** 

Glass . . L^ " 

Frussiate of Potash 5 ** 

All these substances, reduced to fine powder, 
are mixed together by adding to them 16 parts 
of gum previously dissolved in 55 of water. 
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It is sulIicieQt to saturate the end of the 
match, and dry it as usual. 

These matches take fire with more dilTiculty 
than the matches with white phosphorus, and 
are not so dangerous, particularly in the hands 
of children. 

The following composition is better, for it 
will not Ignite without the use of a special 
rubber : — 

Chlorate of Potash 26parta 

Binoxide of Lead or Manganese • • . 25 ^ 

Bichromate of Potash 20 " 

Cyanide of Lead 20 ^ 

Ozy-sulphnret of Antimony • . • • 20 '* 

Glass 4 *' 

These substances are mixed together with a 
solution of 6 of gum in 20 of water. A paste 
is made, into which the sulphuretted end of 
the match is dipped. 

The special rubber is prepared with pow- 
dered sulphuret of antimony, mixed with a 
hot solution of glue, and spread on a piece of 
paste-board. 

Mr. Boinbes has invented a new match 



8AFST7 HATCHES. 105 

which he calls androgyne^ prepared in the fol* 
lowing manner : — 

The wood is cut into little cubic blocks, 
containing 800 or 400 matches not separated ; 
they are sulphuretted as usual, and the sul- 
phuretted ends are dipped into a paste com- 
posed of: — 

Chlorate of Potash 2 parts 

Charcoal 1 part 

Terra Umbra 1 *< 

These three substances are pulverized sepa- 
rately, and then mixed with a viscous solu- 
tion of glue kept warm, during the dipping, 
with a water-bath. When they are dried, or 
rather before the dipping, saturate the face of 
the block, which reunite the matches with a 
paste of amorphous phosphorus diluted in a 
solution of warm glue ; and it is not until after 
this operation that the matches are separated. 

To ignite one of these matches, break it into 
two unequal pieces, having in one hand the 
shorter piece ; bear up the end covered with 
the chlorate paste on the end, saturated with 
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m 

tbe phospboretted plastering; rab. A little 
deflagration takes place, the sulphuretted end 
takes fire immediately, and communicates it 
to the wood. 

Below we give the report of Mr. Chevreul 
on that kind of match. This report was read 
before the Academy of Science of Paris. 

Examination of the Androgyne Safety 

Matches. 

The matches of the Brothers Ck)ignct are 
essentially formed : 1st, of a paste of chlorate 
of potash, sulphuret of antimony, and a gluti* 
nous substance applied to the sulphuretted end 
of the match; 2d, a rubber or grate covered 
with a thin coating of glutinous matter and 
amorphous phosphorus rendered rough by 
powdered glass. 

A light friction of the priming of the match 
against the rubber b suflicient to ignite the 
match. 

The androgyne match differs only from the 
hygienic match in this, that the amorphous 
phosphorus has been applied to the end of the 
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matoh, which is not sulphuretted, instead of on 
a special rubber. It has then this advantage, 
that the match carries with it all that is re- 
quisite in producing the lire. Indeed, it is 
sufficient to rub one part of the match against 
the other. 

The androgyne match, for hygiene, presents 
the same advantage in its use as the match of 
Coignet ; and, it seems preferable to it as it is, 
in not necessitating the use of a separate rub- 
bor, which is important, as it has been remarked 
that a box of Coignet's contains more matches 
than can be ignited on the rubber annexed to 
the box, because the phosphorus of this rubber 
is much injured before all the matches are used. 

For hygienic reasons, they both have a real 
advantage over the matches of white phospho- 
rus, the use of which is not desirable in any 
matches intended for domestic purposes. 

Examination op Mr. Canouil's Matches 
without puosphokus and poison. 

The matches prepared by Mr. Canouil are 
not deleterious, and have the advantage of 
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those of Coignet of containing neither white 
nor amorphous phosphorus. 

The substances employed by Mr. Canouil are 
principally the chlorate of potash, the sulphuret 
of antiraonyi minium or another metallic oxide, 
gum, dextrine, or gelatine. This composition 
is similar to that of Coignet, but the substance 
applied on the rubber of Mr. Canouil's contains 
no red phosphorus nor deliquescent matter, 
and keeps as long as it adheres to the rubber. 

The matches of Mr. Canouil require a rub- 
ber, but the rubbing must be stronger than 
is necessary with those of Mr. Coignet with 
amorphous phosphorus, and it is an unquestion* 
able fact that children cannot light the matches 
of Mr. Canouil, while they can do so easily 
those of Mr. Coignet and the Androgyne. 
The amorphous phosphorus is prepared with- 
out danger to the health of the workmen, and 
the rubber, as prepared now, can be used to 
light a quantity of matches double that con- 
tained in the box. 
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Conclusions. 



Ist For hygiene* the androgyne matches 
have over ordinary matches the advantage of 
the matches of Mn Coignet, of which the active 
and chemical principle of the rubber is the 
amorphous phosphorus. 

2d. The matches without phosphorus or 
poison are without danger to the workmen 
employed in making them, and are good in 
use. We recommend their use. 
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CHAPTER XVn. 



YABIOUS FORHUUB. 



I. 



Take— 






Gom Arabic 


• 


. 16 parts. 


Phosphorus 


• 


. 9 " 


Nitre 


• 


. 14 " 


Vermilion or 


binox. 




Manganese 


• • 


16 « 


Water . 


• 1 

n. 


> q. s. 


Take— 






Glae 




6 parts. 


Phosphorus 




4 « 


Nitre 




. 10 " 


Minium . 




. 5 « 


Smalt 




, 2 « 


Water 




. q. s. 



YABIOUS FORMUUB. Ill 

in. 



Take— 






Phosphorus 


• 


. 17 parta 


Glue 


• 


. 21 " 


Bed Lead 


• 


. 24 « 


Nitre 


• 


. 38 " 


Take- 






Gum Arabic 


• 


. 7 parts. 


Phosphorus 


• 


. 4 " 


Gelatine 


• 


. 2 " 



Chlorate of Potash . 2 " 

V. 

Put 4 parts of phosphorus into a wide 
mouthed phial, with enough oil of turpentine 
to cover it ; add 1 part of flowers of sulphur 
and put the phial in hot water until the phos- 
phorus is melted, then cork and shake until 
cold, when any supernatant spirit of turpentine 
must be poured off. Into this pulpy mass the 
extremities of the matches are dipped, and 
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when dry, tbey are dipped again into the fol- 
lowing mixture : — 

Gum Arabic . • 8 parts. 
Chlorate of Potash . 2 " 
Soot, LampbUick, Ver- 
milion • • • 1 part 
Dry cautiously. 

All these formulas can be varied indefinitely, 
but we would recommend the above as the 
best and the surest. 
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CHAPTER XVIII. 

DANGERS — ACCIDENTS — DISEASES IN THE 

FABRICATION, 

The enumeration alone of the accidents 
which take place in the fabrication of matchesi 
their transport, or their domestic use would 
require a volume. We shall direct attention 
only to the causes to which those accidents 
can be assigned, and we shall give but a few 
examples. 

1. Fires. 

The danger of fire is the one which earliest 
occupied public attention on the appearance 
of this new branch of industry; and these 
fears have not been chimerical, for in every 
country dreadful examples have justified the 
distrust of the people, and rigorous measures 
8 
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have been taken bj^ tbe several governments, 
and tbeir fabrication has even been prohibited 
in some countries. 

The English papers have given accounts of 
a violent fire which took place in London, in 
a manufactory of matches in Widegate Street, 
several houses were burnt, and seven persons 
lost their lives. 

Uxphsions.-^Tho explosion of the chemical 
mastic, before its application to the match, can 
present accidents as dreadful as the above, but 
happily they are now rare, thanks to the im- 
provements which have been introduced in the 
process of fabrication. 

In the beginning of the preparation of fric- 
tion matches, the sulphur used to be melted 
with the phosphorus. This was the cause of 
violent explosions; not only the two bodies 
in contact combined to form sulphide of 
phosphorus, but the water is decomposed, and 
forms different gaseous products, which give 
place to dreadful explosions. This was, pro- 
bably, the cause of the destruction of a factory 
near Paris; a violent explosion took place in 
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tbe room where tbe dippers were working, the 
tables were broken to pieces, and the wall fell 
down. 

The danger of tbe introduction of flowers of 
sulphur into the vessels in which the phos- 
phorus is dissolved| struck Mr. Chevalier so 
forcibly, that he proposed, as late as 1840, to 
prohibit the manufacturing of matches with 
sulphide of phosphorus. 

Not only the mixture of sulphur with phos- 
phorus, but also the mixture of phosphorus 
with chlorate of potash, before the perfect 
division of these two substances in the gluti- 
nous solution, have been the cause of dangerous 
explosions, before the manufacturers dissolved 
those two bodies separately. 

The imprudence of the men who work the 
mastic has been tbe cause of many accidents. 
Thus, when the dipper leaves the mastic to 
run, spread, and dry around the table he works 
on, the least friction will break the table to 
pieces. A drop of the mastic falling on the 
kettle of the dipper to the sulphur also pro- 
duces violent explosions. 
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2. Accidents during the Transport of 

Matches. 

Friction matches give rise to accidentSi not 
so grave as the above, it is trae ; bat their nam- 
bers are incalcalable. To give a jast idea of 
the number of accidents, and the fear of them, 
it is sufficient to say, that in Europe insurance 
companies refuse to insure express companies 
which carry matches. 

Fire takes place very oflen in packages or 
boxes, contained in large boxes or barrels sent 
by freight, ^Yithout communicating fire to 
other packages. Several manufacturers have 
given us a proof of it, by throwing on the floor 
packages of matches suizrounded by a strong 
paper; we heard a crepitation indicating that 
the matches were taking fire, the paper was 
slightly burned, but, however, the flame was 
not visible outside. The want of air was the 
only obstacle to the combustion. 

Sometimes the explosion of the mastic which 
surrounds the heads is so violent that, notwith- 
standing the thickest envelops, the flames pass 
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through. Once, at Marseilles, the moTement of 
a wagon containing 700 packages of matches, 
in passing up a high street, was cause sufficient 
for igniting the matches, which was accom- 
panied by a strong explosion. 

Similar accidents have occurred on railroads. 
Once, on the railroad from Vienna to Brunn, a 
car containing 12 barrels of matches took fire 
and was burned with two other cars. The loss 
was estimated at about 815,000. 

3. Accidents occasioned in the ordinart 

Use of Matches. 

There are few persons who have not wit- 
nessed some accidents occasioned by the ex- 
plosion of a box or bundles of matches. These 
accidents are oflcn without importance, but 
sometimes they have serious effects. 

The examples of burns, particularly in the 
face, produced by the explosion of a match 
and the projection of a fragment of the incan- 
descent mass, were very frequent a few years 
ago. Several cases were recorded, in which 
the eyesight was lost by this cause. Uappily, 
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since tbe great improvement introdaced ia 
this fabricationi these accidents are rare. 

Children have been repeatedly the vic- 
tims of their inexperience in the handling of 
matches. Without speaking of light burns, 
which we have often observed, we have seen 
accidents serious enough to produce death. 

The too great sensibility of matches is the 
principal cause of these last accidents, the same 
that their too great explosibility is the ordinary 
cauHc of the burns in the face and eyes. This 
scnHibility is such, that we have seen packages 
of matches take fire in the hands without 
knowing how it happens. 

Burns produced by matches do not present 
any particularity. 

4. Diseases produced in tiie Fabuioation.* 

By examining the accidents which destroyed 
the health of the workmen ; by inquiring which 

* Poisox BT P110SPHOBU8. — A correspondent of the Eve« 
ning Post describes the case of a young girl, engaged in a 
friction match factor/ in New York, who having a tooth 
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are, in the fabrication of matches, the particular 
conditions capable of exercising a deleterious 
influence on the economji we are led to attach 
the greatest importance to the emanation of 
the vapors containing phosphorus, which con- 
tinually exhale, with a variable abundance, 
in all the rooms in which the mastic is worked, 
or matches are present already saturated with 
mastic. 

It is necessary to examine the two following 
questions, viz :— 

oztract^d, was poUoned hy Uie fameB of phosphorus which 
oiitered the cavitj'* Disease oaUed neerouU was induced, 
which extended to either side of the Jaw-bone, points of 
discharge soon appearing upon the sarface of the skin. 
Tliis went on for two years, minor operations being made 
at times, to take away diseased portions of bone« At tlio 
end of these two years it was found necessary to resoK 
to an extreme operation, and it was completed on Sunday, 
March 19th, at St. Vinceut*s Hospital. The entire Jaw- 
bone, from side to side, was removed, and the tongue 
fastened down to prevent suffocation, until such times as 
the part should heaL This young girl is now terribly 
deformed, can take only liquids hereafter for subsistence 
— «U the beauty of life destroyed to her. Twelve such 
cases have occurred within the last few years. 
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IsL Which are those parts of the work which 
expose the workmen to the phosphoric ema- 
nations ? 

2d. What are the nature and chemical com* 
position of these emanations ? 

Operations which expose to tfse Phosphorous 
JEmanations.'^y^e have seen that all the 
wooden work, the making of boxes are gene- 
rally completed outside of the factory. The 
operators are consequently strangers to the 
questions of hygiene and pathology, and as 
they occupy about half of the men employed 
in this fabrication, it results that half of the 
total number are out of the conditions of insa- 
lubrity of this kind of manufacture. 

Inside of the factory, by allowing separate 
rooms for every operation, five-sixths of the 
men escape the influence of the noxious vapors. 
Thus, the filling of the presses, which takes 
four.fifths of the women, can be made in special 
rooms. 

We have now to examine the room in which 
the mastic is made, the one in which they dip^ 
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the oven, and at last, the dismounting of the 
presses, and the packing or boxing. 

The atmosphere of these rooms is more or 
less intensely altered by the vapors proceeding 
either from the paste intended for the dipping, 
or by the packs of matches already saturated 
with the chemical mastic. 

The grinding of the substances, and the pre* 
paration of the mastic do not require a con« 

« 

tinual attendance. One man can work it; be- 
sides, these operations are done in the open air, 
and it is about the same for the oven, near which 
the men do not remain. It is not the same 
for the dipping shop, and principally the rooms 
occupied by the women who dismount the 
presses, and those who box or pack the 
matches. 

A stranger, who enters this part of the fac- 
tory, is struck by the emanations which exhale. 
The air is often thick, principally in the room 
where the presses are dismounted, and if he 
remains for some time, he begins to cough. 
After a certain time, the system becomes ac- 
customed to that particular atmosphere; and 
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nearly all tlie women cough only daring damp 
weather, and principally when the air is not 
renewed, the vapors accumulating, and be- 
coming too thick. 

Nature and Compmlion of the Vapors which 
exhale in the Manufacture of Matches. — ^The air 
of the rooms has not been analyzed yet, and 
theory alone can guide us. If we examine one 
afler the other, each of the substances which 
enter in the composition of the mastic, if we 
put aside the sulphur which plays no part, we 
find phosphorus alone which can change the 
atmosphere. We have demonstrated (Chap. I.) 
the facility with which phosphorus absorbs the 
oxygen of the air. At the ordinary tempera- 
ture, the action of the air, principally damp, 
on phosphorus is very appreciable. If the air 
is dry and the temperature low, the action is but 
slightly perceptible; but, if damp, wo see the 
phosphorus immediately surrounded by a light 
white cloud. These vapors arc culled ht/jyo^ 
lihosphoric acid. 

In aerated water exposed to the light, phos- 
phorus gives phosphorous acid^ and hydrogen 
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proto-phosphurettcd, produced by the deeom* 
position of water, and there is not the least 
doubt that in the rooms some phosphuretted 
hydrogen is mixed with the hypophosphorio 
acid. 

Another interesting question is, to know if 
phosphorus itself exists in a gaseous state in 
the atmosphere of the factory. Some chemists 
admit its existence. M. P. Thenard does not 
believe that the slow combustion of the phos- 
phorus in the air is perfect, and he thinks that 
there is much vapor carried away at the state 
of phosphorus. The following fiicts demon- 
strate this theory : 1st. If a piece of phospho* 
rus is introduced for a few minutes into ni- 
trogen, hydrogen, carbonic acid, etc., then taken 
out, and a little air introduced into the gas, it 
becomes luminous in obscurity ; 2d. If we sus- 
pend to a thread a piece of phosphorus, and 
wo introduce it into a bottle and leave it in 
for a few minutes, the bottle stays luminous 
for some time, while containing a large quantity 
of oxygen. Thus phosphorus, while cold, emits 
vapors in gases, and this vapor is not instanta- 
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neoasly burned by the air. It is very pro- 
bable that in the factories the workmen breathe 
▼apor of phosphorus mixed with hypophos- 
phoric acid. 

Let us examine now briefly the effects of 
these emanations on the health of the men. 

The diseases are, 1st, more or less aggravated 
inflammation of the hronchi(z; 2d, alterations of 
the teeth and maxillary bones^ etc. 

1st. Bronchitis. — Coughing is the most fre- 
quent pathological phenomenon in the shops, 
but it is rare that the inflammation becomes 
great. 

2d. Diseases of the Jaws. — It is not long since 
this disease has appeared amongst the men 
working in match factories. Dr. Strohl has 
pointed out in the following terms, the causes 
of this disease: — 

"The vapors of phosphorus are transformed 
by its contact with oxygen into hypophos- 
phoric acid, and this acid mixed with the air 
is dissolved in the saliva, and forms phosphoric 
acid. Often this latter acid is produced by 
the combustion of the phosphorus, for it some- 
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times occurs that the vessel in which the mass is 
heated^ takes fire. This substance renders the 
saliva acid. We know the dissolving action of 
this acid ; the gums are softened by the salivai 
the liquid acid attacks the teeth, filters between 
them and the soft parts, reaches as far as the 
alveoluS; and there exercises its dissolving and 
corroding action. 

This theory has not been admitted by all 
physicians, for the reason that if the theory 
were correct it would seem that the teeth 
would be invariably in a bad state, and it has 
been observed that in the same room, while 
one man has all his teeth destroyed, another 
working near him has them in perfect order. 

It would be interesting and important, as 
well for science as on the score of humanity, to 
discover and point out the real causes of these 
diseases, and the proper mode of treating and 
curing them. 
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CHAPTER XIX. 

BSFORMS IN THE FABRICATION OF XATCHES, 

These measares of reform (unhappily those 
measures have not been taken yet in factories 
in this country) embrace, not only all the parts 
of the fabrication of matches, but also the cart- 
age and the sale of these products. Their object 
is to prevent all accidents, and to look to tho 
maintaining of the salubrity of the factories, AVo 
shall divide this matter under three heads:— 

1st. The fabrication. 

2d. The transport and sale. 

8d. The salubrity of the shops. 

1. Fabrication. 

1st. Preparation of Hie Uastic. — ^Notwith- 
standing the progress made in the fabrication 
of the mastic, it is important to require two 
capital precautions which have been indicated 
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by Mr. Fay en. The first consists in completely 
excluding the sulphur from the substances 
yrhiah enter into the composition of this mastic. 
The second consists in always dividing the 
phosphorus while alone, and mix it with the 
other substances when they are perfectly 
ground, and that the mixture is conveniently 
cooled. The precautions to be taken, we haVe 
indicated. 

After taking measures against the too great 
explosibility of the mastic, it would be useful to 
provide against its too great sei\sibiUiy. Mr. 
^[albec has invented an apparatus for deter* 
mining with precision the degree of sensibility 
of the paste. This apparatus consists in a 
vessel conveniently disposed, and containing 
mercury, heated over a water bath, at about 
18G^. It is at this temperature that the paste 
ought to be tried. Saturate with it the end of 
a match, and dip it into the mercury; if it 
takes fire, it is a sign that it is too sensible ; 
then increase the quantity of the substances, 
the object of which is to divide the molecules 
of phosphorus. 
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CHAPTER XX. 

GONSTRUCnON OF THX FACXOBT. 

Thb complete separation of the rooms is the 
essential point in the construction of a match 
factory. It is not only an indispensable con« 
dition, in order to give to the shops the dispo> 
sitions necessary for the health of the men, but 
It is also an important precaution against fire 
and explosions. 

It is necessary, not only to establish a scpa- 
rate shop for each operation, but also to adopt 
certain rules in the position of each shop, its 
construction, etc. etc. This will be better un« 
derstood by the following diagram, which in- 
dicates all the dispositions to be taken to 
decrease the dangers and inconveniences of 
this fabrication. 

1st. The grinding of the substances, and the 
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prfparaticno/tJie mastic must be done in a little 
apartment F^ composed of a single room oa 
the first floor, and isolated all round. 

Fig. 10. 




2d. The sulphuratwn and the dipping into the 
mastic are done together in a room O9 equally 
isolated, longer than the above. The roof will 
be half open all the time for the escape of the 
vapors^ and that the air may be continually 
renewed. 
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8d. The oven occapies a building D^ also 
isolated. All the materials of this room are of 
iron, and it must always have passing through 
it a current of dry air. 

4th, Laying and taking doum of the Presses; 
Boxing. — The most important rooms are those 
of the laying of the presses, taking down, and 
the boxing. These three operations occupy 
many hands. The first operation not exposing 
the operatives to the phosphorous emanations, 
it is only necessary to keep them separate. 
The two other being very noxious, the shop 
must be in the most advantageous condition. A 
building alone, E^ is disposed in the following 
manner: — 

This building has two stories, and is isolated. 
In the first floor the presses are laid. The up- 
per part has no communication with the room 
below, but presents a single room, and the 
roof is pierced with several windows, which 
are opened at will to let the noxious vapors 
escape. 

The store rooms^ habitation huiUlings arc iso- 
lated, as represented in //. The form and di- 
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mensions of this building may be arranged 
according to the taste of the manufacturer. 

By following the above dispositions, great 
advantage will be realized; and, if to them wo 
add the construction of a wall J9, about 6 feet 
high, surrounding all the buildings, we see 
that match factories will be relieved of the in- 
conveniences of being near to a public thorough- 
fare. 

We are certain that this plan will present 
but little difficulty in its realization, and wo 
hope that hygienists will be satisfied with its 
disposition. 

The fabrication of matches, though com* 
mcnced several years since, is still in its in- 
fancy. 

Unhappily the savants have attached but 
little importance to this kind of manufacture, 
and it is only since the learned report of Mr. 
Chevrcul that scientific bodies have given 
their attention to it. Let us hope that, before 
long, a match will be discovered, having all 
the properties of ordinary matches without 
their inconveniences. 
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CHAPTER XXL 

history— xtloidinb and pyroxylwk— pro- 
perties and composition. 

History. 

In the coarse of 1833, a well known French 
chemist, Braconnot, having dissolved starch 
and some other organic matters in nitric acid, 
obtained by precipitating the dissolution by 
water, a new substance that he called Xyhidine. 
This substance was remarkable for its quick 
inflammability, but it did not fulminate with as 
much energy as gun cotton, and it left a residue 
of charcoal. 

Five years after the publication of the re- 
searches of Braconnot, Mr. Pelouze, in an in* 
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terestiDg paper, announced the discovery of a 
more simple and economical process to obtain 
the Xyloidine. This process consisted in sub- 
stituting for the dissolution of the starch, the 
pure and simply impregnation of the paper, 
cotton, flax, etc. by concentrated nitric acid. 
Besides, Mr. Pelouze announced to the Acad- 
emy of Sciences, that Xyloidine resulted from 
the union of the elements of nitric acid with 
those of starch, and explained by this decom- 
position, the excessive combustibility that he 
found in this substance. 

We shall see, hereafter, if it was really the 
Xyloidine of Braconnot that Pelouze obtained. 

For eight years the researches of the above 
chemists seem to have been forgotten, when in 
September, 1840, a great stir was made con- 
cerning a new discovery of Mr. Schoenbein, a 
Swiss chemist, who announced the transform- 
ation of the cotton into an explosive substance 
of a power superior to that of ordinary pow- 
der. Mr. Dumas was informed of this inven- 
tion by a letter from the author, who appeared 
anxious to keep his process secret. But the 
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opinion of Mr. Damas was, that this invention 
was connected, without doubt, with the history 
of the Xyloidine of Braconnot and Felouze. 
From that time, chemists made extensive re- 
searches upon this subject. Different recipes 
for preparing the fulminating cotton or gun 
cotton were published in Germany. In October 
of the same year, Mr. Dumas communicated to 
the Academy of Sciences the processes of 
Messrs. Otto, Dr. Knopp, Dr. Bley, etc. It re- 
sulted from the experiment of those chemists, 
that fuming nitric acid had the property of 
rendering explosive not only cotton, but also 
shavings and sawdust. 

As we see, the German recipes were nothing 
more than Pelouze's process to prepare the 
Xyloidine. This latter chemist had only to 
prepare cotton and paper, as he had done eight 
years before, and introduce IJ grain of this 
matter into a pistol, to obtain an explosive 
effect, such, that a board 9 inches thick was 
pierced by a bullet, at a distance of 76 feet. 
Other essays made by M^^. Prelat, Scquier, 
Lassaigne, etc., with diflerent fire-arms, have 
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left no donbt on tbe ballistic properties of tbe 
nitric paper. 

Two important questions were to be resol vedi 
one purely scientific, the other practical Was 
tbe explosive product obtained by Felouze and 
the German chemists, the Xyloidine of Bracon- 
not 7 Was this product susceptible of being 
substituted for the ordinary powder? 

Nobody had thought to put the first question, 
and Messrs. Flores Demonte, and Menard seem 
to be the first who have considered the difference 
between the Xyloidine of Braconnot and the 
cellulose treated by nitric acid. As for Mr. 
Felouze, who, with several other chemists, had 
not suspected the difierence between the two 
products, he soon ascertained that ligneous 
substances take a larger quantity of nitric acid 
than starch ; and he declared a short time after 
that the products were different in their pro- 
perties and composition; that is the reason 
why this chemist proposed to call pyroxyle or 
pyroxylins the product of the action of nitric 
acid on cotton, paper, and other ligneous mat- 
ter. He demonstrated in the following terms 
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the difference between this prodnct and the 
Xyloidine of Braconnoti obtained by precipi* 
tating with water the nitric dissolution of starch 
and ligneous matters :— * 

*• The Xyloidine," says Mr. FelouzCi "is very 
soluble in nitric acid, and this dissolution is 
destroyed in twelve hours, the substance of 
Braconnot being then transformed into a deli* 
quescent acid," 

"The pyroxyline is insoluble even in an ex- 
cess of nitric acid ; it can remain in for several 
days without disappearing, and without losing 
any of its weight. The Xyloidine, while very 
inflammable and detonating by a shock, leaves, 
when heated in a retort, a residue of charcoal." 

"The pyroxyline, heated at 847° to 366°, 
burns with violence, and its distillation in a 
retort is impossible." 

"The Xyloidine has been analyzed with 
oxide of copper, as other organic substances, 
only the quantity of oxide of copper was in- 
creased." 

"Pyroxyline, in the same circumstances, 
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bursts all the tobes, even by operating on very 
small quantities.'' 

Sucb are the properties. As for the eom- 
position of the two substances, Mr. Pelouze 
adds: **I have concluded from my analysis, 
that the Xyloidine can be represented by one 
equivalent of starch, which has lost one equi v* 
alent of water, and gained one equivalent of 
nitric acid." 

To obtain the formula of the pyroxyline, Mr. 
Pelouze has chosen a specimen of cotton and 
paper, leaving very little ashes by incineration, 
lie dried them at 248^, and submitted them to 
the action of the mono-hydratcd nitric acid, or 
a mixture of this acid and concentrated sul- 
phuric acid. 

In ten experiments, which have lasted from 
10 minutes to 48 hours, the increase in weight 
has been the same, and ranges between 68 and 
70 per cent, of the dry matter. 

Admitting that the nitric cellulose is the 
only product which results from the pre* 
ceding reaction, the calcul indicates that it 
ought to result from the combination of two 



HISTORY. 141 

equivalents of monohydrated nitric acid, with 
one equivalent of cellulose, less one equivalent 
of water ; and it has for its formula 

or without hypothesis 

The composition corresponds to the follow- 
ing numbers :— 

Carbon 20.66 

lIV(lro£;eu •••••• 3.70 

Oxygon 59.2S 

Nitrageu • 10.3G 

100.00 

The formula of the Xyloidine, deduced from 
the analysis, gives the following numbers: — 

Carbon 34.80 

Ilydrngttu •••••• 4.34 

Oxygon 54.09 

Nitrogou <».77 

ll^O.OO 

From the above, obtained, if not by direct 
aimlysis, ut leant by indirect means apparently 
unexceptionable, it results that when the amy* 
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laccous and ligneous matters lose tbeir solid 
state, and pass, one at the ordinary temperatorei 
the other at a higher temperaturei in disso- 
lution in concentrated nitric acid, the compound 
or compounds which result from the action of 
water in such dissolutions, essentially difTer 
from the composition and properties of those 
which result from a simple impregnation of the 
cellulose. 

Since the researches of Mr. Pelouze, the 
chemical study of pyroxyline has made great 
progress. Messrs. Fordos and Gelis, in the 
combustion of pyroxyline, have announced 
the formation of bi-oxide of nitrogen and a 
cyanic compound. Mr. Dumas, in a learned 
paper, has announced the formation of several 
other products. He speaks thus : ^' Until now, 
the analysis of the fulminating cotton has not 
been made, some are engaged on it, and may 
be exposed to useless dangers. This analysis 
is easily made by using the apparatus of 
Messrs. Gay Lussac and Thenard, which they 
employed fifty years ago." 

^^The combustion tube, being heated by an 
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alcohol lamp, at from 392 to 572^, little par- 
cels of gun cotton thrown into it burn quickly 
without any danger. 

" It disengaged vapor of water, carbonic acid, 
oxide of carbon, nitrous vapors in large quan- 
tities, and bi-oxidc of nitrogen. The raw gas 
contains enough inflammable products to burn 
when a candle is near by. The color of the 
flame indicates compounds of the cyanogen." 
• It is in this paper that Mr. Dumas has indi- 
cated the way to obtain a fulminating product 
with chlorate of potash. Cotton impregnated 
with this salt gives a fulminating product 
superior to the nitric cotton. 

On the occasion of the reading of this paper, 
Mr. Pelouze diflcred from Mr. Dumas, in re- 
gard to the eflects that the gaseous products 
produce on fire-arms, of which we shall speak 
hereafter. 

This historical notice is sufficient for the 
present, only we shall state some facts an- 
nounced by Messrs. Pcligot and Pouillet. 
They have made many experiments on the 
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products of tbe combustion of gun cotton 
placed in the same conditions as gon powder. 

Mr. Peligot has analyzed gun cotton, dried 
in vacuum, at the ordinary tempcraturCi and 
found the followinsr results. 



12 Carbon • 


. 


. 72 


22.8 Carbon 


9 Hydrogen 
9 Oxygen • 




. 9. 
. 72) 


25.6 Wal^r 


3 2s*itrio Acid 


. 


. 1(12 


.'il.G Nitric Acid 



315 



liK).0 



Thus, by representing by 

C„H,qOh, 

the composition of the cottoni we see that in 
contact with nitric acid, it lost one equivalent 
of water, and takes three equivalents of nitric 
acid. 
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CHAPTER XXIL 

FABRICATION OF GUN COTTON— NTTRIO PAPER— 

PTROXAM — PROPERTIES. 

Gun cotton and nitric paper, according to 

tbo analysis of ^[cssrs. Pclouze, Payen, and 

Poinsot, can be considered as formed of two 

equivalents of cellulose which have lost three 

equivalents of water by combining with five 

equivalents of nitric acid, constituting a double 

compound : — 

c„n,o,3N05 

C„n,OJI02N05 
Pyroxjrle CjillpOpGNO^ 

This compound, as we have seen, can be 
completely transformed into a gas at the tem- 
perature which inflames it, that is, from 847^ 
to 356® ; the oxygen of the acid burning all 
the carbon of the organic matter. It forms in 
10 
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Yolnmei 46 of oxide of carbon^ 2 of carbonic 
acid, 10 of nitrogen, and 84 of vapor of water.* 
Some more complex and variable products are 
probably generated, but in all cases it does not 
deposit carbon or acid in the guns when the 
raw material is pure cotton, when the acids 
employed are perfectly free from foreign mat- 
ters, and when the product has been purified 
of all free acids by washings. 

Pure gun cotton is insoluble in water, alco- 
hoi, ether; soluble in the latter vith the addition 
of a few hundredths of alcohol, soluble in weak 
proportions (J to 2 per cent.) of acetic ether. 
Five times more soluble when prepared with 
nitric acid containing nitrous acid.f In this 
last case, the cotton is more or less disaggregated, 
and more slowly combustible. Gun cotton 

* Mr. ComLes has ftvoided the formation of oxido of 
carbon, a deleterious gas, and substituted it hy carbonio 
acid, by adding to the pyroxjlo the eight-tenths of its 
▼eight of chlorate of potash. 

' t This acid is prepare<l by passing nitrous acid gas 
into the mixture until the total weight has incieaHiud 
from 1 J to 2 per cent. 
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has some other properties which possess but 
little interest, but it is important to observe 
that under the same denomination of pyroxyle 
or pyroxyUnc they confound products with very 
different properties of explosibility, while con- 
taining the same elementary principles in equal 
proportions; and a remarkable thing is that 
those which explode at the lower temperature, 
present the weakest ballistic power, and have 
the most destructive action on firearms, by 
the vapor of hyponitric acid they generate. 

The causes of these great differences exist 
in the different degrees of cohesion of the or- 
ganic substances employed. Thus, the cotton 
having a uniform cohesion, offering the maxi- 
mum of surface to the action of the acid for the 
propagation of combustion, gives, when pure, 
the best product — the only one it is safe to use 
for firearms. The cotton from old cloth, old 
hemp, linen, and paper, which offer the most 
variation in their thickness, and in the altera- 
tion of the fibre which composes it, are some- 
times inflammable at a lower temperature. 
Thus the thick nitric pnper, newly prepared, 
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and being a little acid after tbe washing; deto- 
nates at 212^. It is tbe product whieb bas 
burst tbe most fire-arms, and sent tbe projec* 
tile tbe shortest distance, for tbe reason tbat 
its decomposition begins in the gun at a lower 
temperature, disengages at first vapors of by- 
ponitric acid, and sometimes terminates imme« 
diately. 

T!hepyroxam (nitric starch), more inflammable 
from 203^ to 212^ is so instable when com- 
pletely saturated with nitric acid, that it is 
spontaneously decomposed at the ordinary 
temperature, giving abundant nitrous vapors, 
and even producing a detonation. 

The pyroxam alters more rapidly in damp 
air, the disengagement of the gases raises the 
mass which becomes pasty, then syrupy, and 
gradually more acid and soluble in water; 
when dried it is not explosive, and dissolves 
in large proportions in anhydrous alcohol. 

Tbe diiTerent pyroxylic products are so 
much less stable, that they contain an excess 
of acid, on account of an insuiBcient washing. 

Thus, the maximum of instability is met in 
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the prodoct (nitric starch) of which the organic 
basis has the least cohesioni and of which the 
aggregation is the most irregular, and each 
concentric bed of all the granules possesses 
several degrees of cohesion ; indeed, the nitric 
starch, dissolves in its weight of acetic ether, 
and reduces by evaporation into diaphanous 
lamella, the cohesion of which is homogeneous. 
It is stable in the air, and docs not inflame at 
212®. The same ether dissolves only yj^ of 
its weight of nitric paper. 

The preparation of nitric cotton is very sim- 
ple, but requires many precautions, principally 
if the operation is with large quantities. 

Prepare beforehand, in order to have it 
cold, a mixture of mono-hydrated nitric acid, 
1 equivalent, 63, with 1 equivalent of concen- 
trated sulphuric acid, 49. The liquid ought 
to present a suflicient volume to immerse in it 
all the cotton. If a certain quantity of the 
cotton impregnated with acid is left out of the 
mixture, the combination heats the fibre to the 
point of decomposing the nitric acid, and dis- 
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engages nitrous vapors dangerous to breathe. 
It will even occasion a deflagration. 

After 15 or 20 minuteS| withdraw the cot- 
ton, press it well between glass, and wash 
it in a large excess of water. Press it and 
wash it in new water until it is no longer acid, 
to be sure of which, wash it with a very weak 
solution of carbonate of soda, and terminato 
by a washing with pure cold water. Press 
the cotton well and dry it. This cotton can 
bo used immediately to load fire-arms ; but it 
is better after a few days. One hundred parts 
produced from 170 to 175 parts of pyroxyle. 

The preparation of the paper is the same as 
the cotton; but requires more care to avoid 
spoiling the sheets. 

To obtain the pyroxam (nitric starch), the 
composition of which is similar to that of the 
cotton, dry the starch in vacuum at 257®, to 
evaporate the hydratation water. Leave the 
fecula to dry in a cool and dry place ; dilute it 
in fifteen times its weight of the mixture of 
nitric and sulphuric acid. Leave to stand for 
six hours ; wash it in an excess of water, and 
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dry in a current of air at 104®. The pyroxyle 
can be decomposed, so as to set free the cellu- 
lose with all its chemical properties by the fol- 
lowing process : Dip the pyroxyle in a concen- 
trated boiling solution of chloride of iron. The 
deoxidizing action of this compound takes off 
the oxygen from the nitric acid, disengages 
hyponitric acid, and the cotton is covered with 
rust. This incrustation is taken up by diluted 
hydrochloric acid, and the cellulose is regene- 
rated with all its primitive properties. 

In the chapter on the application of gun 
cotton, wo shall give another process of prepa- 
ration. 
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CHAPTER XXIII. 

BALLISnC PROPERTIES OF GUN COTTON AND 

NITRIC PAPER. 

The first essays tried by Messrs. Felouze 
and Frelat, and those of Lassaigne have proved, 
without any contcst| the remarkable energy 
of the new powder ; but in these essays, the 
ballistie pendulum had not been used, and the 
substanee employed was principally nitric 
paper. Messrs. Seguier and Clerget by using 
this paper have established the superiority of 
this new agent over hunting powder, and it 
has been admitted that at equal weight its 
force is about four times greater than that of 
the ordinary gunpowder. Soon this propor- 
tion was substituted by that of one to three, 
result of experiments made with the ballistic 
pendulum, and communicated by M. Arago. 
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However, the committee of artillery, esta- 
blished in France, was unfavorable to the new 
powder. Messrs. Piobert and Morin named 
inconveniences, which, in reality, were dae 
only to defective process of preparation, such as 
the residues of water and charcoal ; and those 
two savants came to the conclusion that this 
singular substance did not seem proper to 
substitute for gunpowder. 

The discussion was animated on both sides, 
and in a communication made to the Academy 
of Sciences, Mr. Piobert insisted on the bursting 
properties of gun cotton, which he looks upon as 
a spring of dangers, and a cause of inferiority, 
relatively to gunpowder, in the use of fire-arms. 
He speaks of two proof mortars of cast iron, 
broken by small proportions of pyroxyline. 
On the other hand, Messrs. Seguier and Clerget, 
continuing their experiments, announced the 
following results :— 



i 
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STAin)ARD. — Ballistic effects of a diarge of 
common hunting powder. 
Distancei 45 feet. 
Load, 6 grains. 
Target, cast-iron plate. 
EITect, flattened half of tbe bullet 

1st Comparative Essay. 
Load of gun cotton, 6 grains. 
Eltbct, dissemination of the bullet in lead 

spangles. 

2d Essay. 
Load, 3 grains. 
EfFcct, flattening the bullet into tbe form 

of a sun to | of its original dia* 

meter. 

8d Essay. 
Load, 1 grain. 

EITect, similar to tbe standard sbot with 
6 grains of ordinary powder. 

We see, that with \ of gun cotton, tho 
results are tbe same as witb ordinary gun« 
powder. 

Struck by tbe inconveniences, and tbe 



BALLISTIC PROPERTIES. 155 

dreadful examples iDdicated by Mr. Piobert, 
Seguier tried if it could not be possible to 
avoid the elTects of a too instantaDeous pro- 
duction of gas. In his researches, he tried the 
experiments of 3klr. Piobert himself, who ought 
to have known that in working a mass of 
powder into a spheroid form, the slowness of 
the combustion follows a certain law, and is in 
proportion to the diameter of the sphere. 

It is this delay in the deflagration which 
suggested to Mr, Seguier the idea of studying 
the influence of the bringing together of tho 
fibres of the gun cotton, on tho duration of tho 
combustion of this cotton in fire-arms, and con- 
sequently the difTerenco of its ballistic effects. 
Having taken for a standard the ballistic 
results of one grain of cotton, given above, ho 
loaded successively the gun, with the same 
weight of a kind of lint, proceeding from tissues 
of cotton of different thicknesses of threads. 
He ascertained that this lint furnished ballistic 
effects superior to cotton. Besides, he ascer- 
tained that the superiority of tho effects was 
more marked with the barrel of a musket, 2 
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feet long, than with that of a pistol 9 inches 
long. 

Numerous experiments have been made, 
bat much is still left unachieved on this sub- 
ject Mr. Fajen has demonstrated that the 
mode of preparation of the pyroxylino has 
a great influence on the ballistic properties of 
the effects obtained. Mr. Morin has tried with 
the ballistic pendulum two products of the 
same cotton, one prepared with pure sulphuric 
and nitric acids in the proportion of equal 
equivalents, the other with the same mixture 
containing gaseous hyponitric acid. 

The following table indicates the great dif- 
ference in the properties of the two products :— 



«• 



'3 

to 

•mm 



Loads. 

* 



|15J grs. 
f Pnre cotton and! 
pare acids 



Vapors of tbo 
mixture 

Acids containing 
. h/pouitric acid 



234 yds. 

-{ 



31 gn. 

356 yds. 

113 yds. 
78 yds. 



Tlie ballet 
did not pass 
'out of the 
jcauuon. 



BALLISTIC PROPERTIES. 157 

Thirty-ono grains of pyroxylo prepared on 
a large scale, with cotton and ordinary acid, 
give to a bullet a mean velocity of 342 yards. 

Such are the results of experiments made 
carefully by competent men. It is to be 
desired that this subject should bo more fully 
investigated. 

The following views touching it are from 
the anniversary address of the President of the 
Eoyal Society of Great Britain, for this year 
(1864:), and are certainly entitled to respect 
and consideration. 

"The advantages which are claimed for gun 
cotton over gunpowder for ordnance purposes 
and mining operations are so many and so im- 
portant as to call for the fullest investigation. 
The absence of smoke and the entire freedom 
from the fouling of the gun, are points of great 
moment in promoting the rapidity of fire and 
the accuracy of aim of guns employed in case- 
mates, or in the between- decks of ships of war. 
To these we must add the innocuous character 
of the products of combustion in comparison 
with those of gunpowder, and the far inferior 
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heat imparted to the gun itaclf by repeated and 
rapid discharges. With equal projectile efTocts, 
the weight of the charge of gun cotton is but 
one-third of that of gunpowder; the recoil is 
stated to be reduced in the proportion of 2 to 
8y and the length of the gun itself to admit of 
a diminution of nearly one-third. These con- 
clusions are based on the evideuce of long and 
apparently very carefully conducted courses of 
experiments in the imperial factory in the 
neighborhood of Vienna. The results appear 
to be especially deserving the attention of those 
who are engaged in the important problems of 
facilitating the employment of guns of largo 
calibre and of great projectile force in tho 
broadsides of our line-of-battle ships, and in 
reduciog, as far as may be possible, the pbris. 
When the material was first introduced by 
Schoenbcin, in 1846, its distinctive qualities 
in comparison with gunpowder were recog- 
nized. To the employment of gun cottoo, as 
then known, there was, however, a fatal draw- 
back in its liability to spontaneous combustion. 
The elaborate experiments of the Austrian 
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General Yon Lcnk have shown that this lia* 
bility was duo to impcrrection in its prepara- 
tion! and ceases altogether when suitable pro* 
cesses are adopted in its manufacture. Perfect 
gun cotton is a definite chemical compound ; 
and certain processes for the removal of all 
extraneous matter and of every trace of free 
acid are absolutely indispensable. But, when 
thus prepared, it appears to be no longer liable 
to spontaneous combustion: it can be trans- 
ported with perfect security, or be stored for 
any length of time without danger of deterio* 
ration. It is not impaired by damp, and may 
be submerged without injury, its original quaU 
ities returning unchanged on its being dried 
in the open air, and at ordinary temperatures. 
" A scarcely less important point towards the 
utilization of gun cotton, and the safety with 
which it may be employed in gunnery, is tho 
power of modifying and regulating its explo- 
sive energy at pleasure, by means of variations 
in the mechanical structure of the cartridge, 
and in the relative size of the chamber in which 
it is fired." 



160 GUN OOTTOir. 



CHAPTER XXIV. 

USES OF OUK COTTON IN VINIKO OPERATIONS — 
PYROTECHNIC EFFECTS— GENERAL APPLICA- 
TION. 

If the appreciation of the ballistic effects of 
the pyroxyle is yet in doubt, it is not the case 
as to its power and advantages under some 
other circumstances, principally in the blasting 
of rocks. The first experiments were made 
by Messrs. Combes and Flandin, mining engi- 
neers. 

These experiments were made in a quarry 
of coarse calcary. A horizontal hole one foot 
deep was driven into the rock. The hole was 
driven in such a way that the rock was free 
on two faces, the upper and lower. The hole 
was 2 feet 4 inches below the upper face. 
They introduced into it 1 J ounce of gun cotton. 
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wbich^ after being packed, left an empty space 
2 feet long. It was lighted; the explosion 
took place with very little noise, and without 
any projection. An appreciable time elapsed 
between the time that the match inflamed 
the cotton, and that when the mass was raised 
a little by dividing itself into pieces of i to J 
of a cubic yard. The mass thus blasted and 
divided above the hole extended 2 yards, at 
least, from the lower face, 3 yards at the left, 
and 1 J yard from the right of the axis of the 
hole. 

The total cube was about 7 cubic yards, the 
bed of the lower rock was fissured, as far as 2| 
feet from the axis of the hole. To produce 
the same effect with mining powder would 
have required half a pound. 

These essays do not give the exact measure 
of the effects of the pyroxyle, and it requires 
further experiments. However, they permit 
us to hope that the substance will be used for 
mining purposes in the same manner as ordi- 
nary powder, and without requiring difficult 
precautions. Its property of burning without 
11 
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smoke and smell will, we think, assure it the 
preference in all subterranean works. 

We shall not speak, here, of the application 
of the pyroxyline in the preparation of fulmi- 
nating powders, as in the sequel of this work 
we shall have a special article on that subject. 

According to Messrs. Seguier and Clerget, 
there is no doubt that nitric paper will take an 
important place in pyrotechny. Paper pre- 
pared according to Mr. Pelouze's process, and 
dipped in solutions of nitrate of strontia, sul- 
phate of copper, nitrate of baryta, have pro- 
duced fine red, green, and white flames. 

There is no doubt that trials will be made 
to apply to industry the expansive force of the 
pyroxylc, and Messrs. Lcsscrc and Valod have 
made several experiments in applying to the 
movement of machines, the expansion pro- 
duccd by the deflagration of nitric paper; but 
those savants have been stopped in their essays 
by the explosion of the machinery. Experi- 
ments and time can only resolve these difli- 
culties. 

To the probable astonishment of the reader, 
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we shall speak of the appliccUum of the pyroxy* 
line in the alimentary use. Mr. PeloQze at a 
meeting of the Academy of Sciences, speaks 
thus : ** When we see nitric acid engages in 
organic combinations, in which it loses its 
ordinary properties, its odor, causticity, solu- 
bility, we ask if it is absolutely impossible one 
day to obtain alimentary substances by fol- 
lowing a process, more or less directed in the 
sense I have indicated, that is, of introducing 
nitrogen into matters which do not contain it. 
For me, I am inclined to believe in the possi- 
bility of such a discovery." 

Some years since, Messrs. Bernard and 
Bares experimented on the xyloidine as an 
alimentary substance. The results have been 
negative. Xyloidino has shown itself inalter- 
able in the intestines; it has remained white, 
deflagrant, insoluble in water, soluble in acetic 
acid and alcohol. 
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CHAPTER XXV. 

applications of gun cotton — collodion — 
its uses in surgery — preparation of ar- 
tificial leaves and flowers. 

Collodion. 

Mr. Maynard, of Boston, has made a 
carious application of the pyroxyle obtained 
by Mr. Gaudin's process, by rendering it solu- 
ble in alcoholized ether. lie designates this 
agglutinative solution by the name of collodion. 
He prepares it as follows :— 

The cotton is dipped into a mixture of three 
parts of sulphuric acid and two parts of nitrate 
of potash. It is left to react for 15 minutes, 
washed and dried as usual. 

According to Mr. Payen, the surest mode of 
preparation consists in mixing one part in 
weight of dried and powdered nitrate of potash, 
with three parts of concentrated sulphuric 
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acid ; he dips tbo cotton entirely into this mix- 
turC| and leaves it from 1 to 2 hours, washes 
and dries it. 

The product dissolves incompletely in ether, 
containing ^Sd of alcohol; it forms a syrupy 
liquid which is kept in close vessels. Spread 
several times on the skin, it forms by the eva« 
poration of the ether a very adherent pelliclci 
resisting alcohol and water. It offers thus a 
means, now generally used, to cover or reunite 
wounds, and takes the place of the English 
plaster. The pellicle obtained on a glass plate 
can be taken, and burns less quickly than gun 
cotton. 

Collodion can be used to render tissues 
water-proof. Tissues covered with collodion 
can bo used to cover large wounds and keep 
them from the action of the air, as in drying it 
contracts and becomes hard. The solution 
used for this purpose is thus prepared : — 

Ether . . . .90 

Alcohol . . . .10 

Pyroxyle . . . . 2 to 3 

Castor oil and turpentine • 1 
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For some time collodion has been a precioas 
agent in snrgery and medicine. It answers to 
a maltitnde of uses relative to certain woands, 
ulcers, eye diseases, etc. 

Thus, it is a remarkable circumstance, that 
a compound, the explosive properties of which 
seem destined to extend the list of the most 
terrible agents of destruction, presents in itself 
very little modified in its texture, one amongst 
the most eflicient agents used in protecting the 
life of man. 

Applications op Collodion to prepark ar- 
tificial Flowers and Leaves. 

M. Berard Touzelin has made several new 
applications of collodion, principally in the fab- 
rication of artificial Sowers and in book bind- 
ing, and he has succeeded in economizing in 
these different applications two-thirds of tho 
ether by concentrating the solution of pyroxyle 
and collecting the ether which becomes disen* 
gaged. He prepares his collodion in the foU 
lowing manner : — 
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Ether at 56^ • 


• 


. 100 


Gun cotton* . 


• 


. 6 


New castor oil 


• 


5to8 



The solation being prepared while cold, he 
distils it over a water bath, so as to collect } 
of the ether. He leaves it to settle 8 or 10 
days; decants the clear liqaid, and adds the 
castor oil. 

Very finely powdered different mineral 
colors can then be mixed with the solution, or 
coal tar colors can be dissolved in it The 
liquid thus colored is run on a glass perfectly 
level. The collodion solidifying it can be 
taken at once. 

M. Berard obtains a perfect imitation of 
leaves of different plants, with the help of 
moulds taken from nature according to different 
processes, and principally by the help of the 
figuring while warm (about 200^). The moulds 
are prepared in the following manner :— 
Put on a cloth plug a natural leaf, supported 

* The guu cotton is prepared with nitrate of potash 
and Bulpliaric acid. 
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on its inferior face, t. e^ the superior part of 
the limb outside, interpose carefully on it, plas- 
ter passed through a fine sieve, and mixed so 
as to take the stamp well. The lump of plas- 
ter having become of suflBcient consistency, 
with a knife give it the form of a truncated 
cone, of which the extreme edges of the leaf 
represent the little basis ; these edges are cut 
with a penknife to follow the denticulation of 
the leaf. The cone is dipped several times into 
a bath of melted wax ready to solidify (about 
176^) till the thickness of the envelope is strong 
enough* 

Dip it into cold water to increase the con* 
sistence of the wax, and diminish that of the 
plaster. Then strip the basin by taking out 
the conical mass of plaster. 

This basin containing the leaf in the bottom 
is metallized with powdered plumbago. It is 
then put into a bath of sulphate of copper, 
and submitted, as usual, to the ordinary pro* 
cess of electro-metallizing, and in 8 or 10 days 
is deposited a bed of copper sufficiently thick; 
then take out the wax envelope and the leaf 
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wbich covers the bottom of the copper mould. 
The mould is filled with melted bronze, and 
run into it while liquid, by engaging in it an 
iron rod which forms a handle; you obtain 
thus a matrico, of which you print under a 
strong pressure the embossments (nerves of 
the leaves) in a thick lead basin (alloyed with 
0.2 of antimony). 

It is between this matrice and the basin 
that are successively figured the leaves cut 
with the punch from the colored collodion. 
The figuring is effected by a quick pressure, 
the moulds being kept at the temperature of 
212^ For the stalks adapt to the leaf an iron 
wire colored with green paper. 

Recently, M. Berard has made a new appli- 
cation of the colored collodion spread on cloth 
or paper, and figured by pressure on surfaces 
representing hollow the projectures of the skins 
shagrccned for book -binding. This figuring 
is effected between a copper cylinder and a 
cylinder in shields of paper, hardened by an 
energetic pressure that exercises a strong 
screw on the iron axis of this kind of paper 
cylinder. 
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CHAPTER XXVI. 

APPLICATION OF COLLODION IN PHOTOGRAPHY. 

A YSBY happy application has been made 
of collodion in photography. We do not 
expect to give here a treatise on this art, but 
we think it of interest to the reader to be in- 
formed of that part which specially treats of 
the application of collodion to the art. 

Pure Cotton. 

Take wadding cotton, and treat it, 1st, with 
a solution of weak potash; 2d, with water; Sd, 
with hydrochloric acid ; 4th, with boiling dis- 
tilled water, and dry it. 

Gun Cotton. 

. Take 10 ounces of dried nitrate of potash in 
fine powder, introduce it into a mortar, and 



\ 
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poor on it 20 ounces of sulpburio acid. Mix 
well, and gradaally immerse in the mixture 1]^ 
ounce of pure cotton. Leave the cotton a 
quarter of an hour ; remove it to a funnel, and 
wash it well with lukewarm water. When 
the cotton is free from acid, wash it well three 
or four times with distilled water. Dry it at 
a proper temperature, keeping it covered with 
paper to keep off the dust. If during the pro- 
cess red vapors are evolved, the operation has 
to be begun over again. 

Preparation of the Collodion. 

It is better to prepare a large bottle at oncCi 
as it keeps well, and improves by settling. 
In a ground stoppered bottle introduce— 

Rectified ether . . 100 parts (weight). 

Commercial alcohol . 20 " " 

Gun cotton . . . 2 to 4* " 

Aq. ammonia • • 5 drops 

* Use two parts in sammer, and four in winter. 
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Shnko occasionally, and when the cotton is 
dissolved, add— ' 

Iodide of ammonium • • • 1 part 
Cyanide of potassium • • • x'a '* 
Fluoride of potassium . . . ,V " 

When the salts are dissolved, filter through 
a cotton cloth into a bottle previously washed 
with ether. Instead of iodide of ammonium, 
you can use — 

Iodide of potassium • • .1 part 
Iodine i^o " 

The collodion has a yellow color, which 
after a few days becomes light straw. 

As the solution of the salts is difficult in 
ether and alcohol, dissolve the salts in a few 
drops of water, and then add it to the collodion. 
For immediate use it should bo kept in bottles 
of three or four ounces. 

Cleaning of the Glass. 

The glass, on which the collodion is applied, 
should be well cleaned with the following 
composition : — 
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Alcobol • • • .10 ounces 
Ammonia . • • • ^i drms. 
Botten stone • • • ^1 ^^^* 

Application op thk Collodion on tub 

Glass. 

Take the glass by one corner, in the left 
hand, and with the right hand pour the collo- 
dion on to the centre of the glass and let it 
flow over the glass by giving it a half rotary 
motion. When the whole surface of the ghuss 
is covered, pour olT the excess of collodion by 
the opposite corner, to prevent streaks, as you 
must only pour upon the glass enough to cover 
it. Place it horizontally, and give it a gently 
inclining motion from side to side. When the 
collodion begins to dry, immerse the glass 
plate into the sensitive bath. 

Sensitive Bath 
Is prepared in the following manner:— 

Distilled water . • . 100 parts 
Nitrate of silver . . . 8 '* 
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Dissolve the wbole of the silver in distilled 
water, filter, and let it stand a few hours. For 
this purpose use a vertical bath of gutta 
percha. 

Before using the bath, filter the solution; 
when the bath is nearly full, immerse the plate 
quickly, raise it after a minute to inspect it, 
when it will have a milky color, nearly white, 
as well as an oily appearance caused by ether. 

When these phenomena have disappeared, 
and the glass has no marble appearance, re- 
move it; allow it to drain before putting it 
into the frame. 

The length of time for it to remain in the 
bath of silver varies from one to three minutes. 
Expose the glass plate in the camera to take 
the picture. When done develop the image. 

Developing the Image. 

There are two ways of developing— 
(a) By pyrogallic acid. 
(i) By j)rotO'SnIphate of iron. 
(a) To develop by pyrogallic acid, prepare 
the following bath : — 
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Distilled water • • • 100 parts 
Pyrogallic acid . . • 1 " 
Glacial acetic acid • • 10 ^ 

When the plate is removed from tbe frame, 
take it by one corner, cover it with the above 
solution, agitate well the fluid over the entire 
surface, being careful that the plate is entirely 
covered with the liquid. The image gradually 
appears, but it is not very distinct; it is ren- 
dered perfect by putting it into a bath of — 

Nitrate of silver ... 1 part 
Distilled water . . . 100 parts 

When the image is perfect in all its parts, 
wash the glass with distilled water, and fix it. 

(6) To develop by the proto-sulphate of 
iron, prepare the following bath 

Distilled water • . 
Proto-sulphate of iron . 
Glacial acetic acid 
Sulphuric acid 

Filter, and pour it into a porcelain dish, and 
immediately pluoge the glass in. In three or 



I—" 


. 100 parts 


. 10 « 


. 2 « 


2 drops 
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fonr seconds the image appears and is perfect 
Wash and fix it 

FixiNQ THE Proof. 

There are two methods of fixing the proof: 
(a) By sulphate of peroxide of iron. 
(6) By hyposulphite of soda. 
(a) To fix by the sulphate of peroxide of 
iron, prepare the following bath : — 

Distilled water .... 1000 parts 
Sulphate of peroxide of iron • 2 " 

Allow the proof to remain in this solution 
from 50 to 60 seconds, wash with distilled 
water, and dry. 

{h) To fix by the hyposulphite of soda, pre- 
pare the following bath : — 

Distilled water . . . 1000 parts 
Hyposulphite of soda • . 60 " 

Operate as above. 

Positives on Collodion. 

The principal advantage positive pictures 
possess is, that they do not reflect like the 
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silver plate, and thej require less time to take 
than negative pictures. The preparation of 
the plate for pictures is precisely the same as 
for negatives, except it requires a much shorter 
exposure in the camera. The pictures are de- 
veloped with pyrogallic acid, to which is added 
a drop or two of nitric acid, or with the proto- 
sulphate of iron and the same quantity of acid. 
The two solutions are thus prepared— 



I. 



Pyrogallic acid . 


• • 


• 10 grains 


Acetic acid 


• • 


. 65 minims 


Nitric acid 


• • 


1 minim 


Distilled water • 


• • 

n. 


• 10 ounces 


Proto-sulphate of iron 


26 grains 


Acetic acid 


• • 


80 minims 


Nitric acid 


• • 


2 " 


Distilled water . 


• • 


. 640 *' 



What we have said above is sufTicient to 
demonstrate the great utility of gun cotton in 
12 
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pbotograpliy, and the reader who wishes to 
make himself acqaaioted with the fall deserip- 
tion of the manipulations of this art, can find 
them lengthily explained in Hard wick's ^ Man* 
nal of Photographic Chembtry ."* 

* ThiB Tolamo will shortly appear from the Indoatrial 
Proas of fleniy Carej Baird, PhiladelpUia. 
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C5HAPTER XXVII. 

ACOIDSNTB WniCn ARE LIABLE TO OCCUR DU* 
RING THE PREPARATION OF GUN COTTON- 
CAUSES OF THESE ACCIDENTS— PRECAUTIONS 
TO BE TAKEN. 

It is to Mr. PAjen that wo are indebted for 
a complete study of the very important ques- 
tion of the accidents which are liable to occur 
in the preparation and the drying of pyroxy- 
line. 

During the preparation, Mr. Payen has ob- 
served that when be pours the nitric acid or 
the mixture of nitrate of potash and sulphuric 
acid on the cotton, the temperature sometimes 
raises high enough to bring about the inflam- 
mation of the fibre, which is out of the liquid. 
Every chemist has observed that in operating 
by dipping the cotton into the acid, if the ope- 
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ration is done slowly, so that a part of tbe 
cotton is out of the acid, a particular reaction 
takes place, and gives a disengagement of 
nitrons vapors. Sometimes they have seen 
this reaction take place so rapidly that it pro- 
vokes an effervescence, to such an extent, 
that the liquid is ejected more or less quickly 
from the vessel which contains it, and the 
cotton disaggregates, and is converted into a 
brown-reddish solution. 

These two accidents are greatly to be appre- 
hended, and can be stopped by throwing the 
whole into cold water, but it is better to avoid 
it by dipping the cotton completely into the 
liquor, in which it may stay more than 48 
hours without inconvenience. These two ac- 
cidents have not yet produced dangerous re- 
sults ; that is the reason why we only indicate 
them ; but as all recorded accidents have oc- 
curred during the drying, wc shall be more 
particular on the precautions to be taken in 
this operation. We have seen cotton explode 
at a temperature of 140®; how shall we explain 
such explosions when direct experiment shows 



ACCIDBNTS LUBLS IN PREPARATION. 181 

that the pyroxyline, in order to fulminatei 
requires a more elevated temperature? Mr. 
Payeii has examined this phenomenon, and 
he has demonstrated that currents of air, 
heated even moderately by stoves or furnaces, 
may produce explosions? Everyone has re- 
marked that if gun cotton is placed on ordi- 
nary paper, and if that paper is kept above 
lighted coals, at a distance, such that the 
paper is scarcely burnt, and that the hand 
very easily supports the temperature of the 
current of air, and the deflagration is not long 
in being produced — then, according to Mr. 
Payen, it is very probable that, under these 
circumstances, currents of air or gases resulting 
from the combustion, keeping a temperature 
above 212^ and even 856^, may inflame some 
particles of the cotton where they do not sensibly 
affect the skin. 

To ascertain the truth of his theory, Mr. 
Payen kept for a long time the pyroxyline in 
contact with fine sheets of metals or porcelain 
heated by steam, and in no case has he ever 
seen inflammation produced; and he ha^r 
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several times proved that onrrents of air, 
heated by the intermediary of metallic plates 
or masonry works, inflame the cotton at a 
temperature not above 186^. 

The consequence of these observations is, 
that in the oven used to dry the pyroxylinCi 
hot air, heated by furnaces, stoves, etc., ought 
to be excluded, even if it was mixed with cold 
air. On the contrary, an oven, with a current 
of air heated by steam, fulfils all the con- 
ditions of safety, and by using steam, the 
oven can be heated without danger nearly up 
to 212^ 

Mr. Gaudin has proposed a very good 
method of drying small quantities of pyroxy- 
line. 

Through the room in which the cotton is, 
he passes a current of air, which has been de- 
siccated by quicklime. This process is ceo- 
nomical and perfectly safe, but is too tedious 
to operate on large masses. Mr. Payen has 
seen that the pyroxyline, prepared with raw 
cotton, heated on a mercury bath, requires a 
temperature higher than 892^ to take fire. 
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When prepared vritb pure cellulosei it ex- 
plodes at 829^ Nitric paper, according to 
this chemist, has an explosive property weaker 
than the cotton. 
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CHAPTER XXVllL 

IISTHOD OF DISnNGUISHING GUN COTTON FBOM 
ORDINARY COTTON — SPONTANEOUS FORMA- 
TION OF PRODUCTS SIMILAR TO PYROXYLINE. 

Many processes have been proposed to dis- 
tinguish gun cotton from ordinary cotton. 
One chemist has proposed to rub them in the 
dark ; he says that gun cotton becomes lumi- 
nous, whilst ordinary cotton does not give any 
emission of light ; we have tried this process 
many times, and have never succeeded. The 
best method is the following : — 

Make a mixture of 1 ounce of sulphuric 
ether, with { of an ounce of alcohol, introduce 
into it 5 or 6 grains of the cotton to try; if it 
dissolves and forms a syrupy solution, it indi- 
cates gun cotton, if ordinary cotton it does not 
dissolve. This test is the surest and most easy. 
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Another very serious question wortb at- 
tracting attention to, is the spontaneous pro- 
dnction of matters similar to the pyroxyle, and, 
like it, capable of taking fire. Mr. Thenard 
first called the attention of chemists to this 
fact. For some time, in his house, they used 
to deposit in an open box the snufBngs of 
lamps, when one night they spontaneously 
took fire, and he attributed this eiTcet to the 
fact, that the snuffings impregnated with oils 
had absorbed the oxygen by degrees, and had 
become spontaneously inflammable. 

It must also be remarked, in regard to gun 
paper, that the liquor may unite with the nitric 
acid, and become inflammable. It is in this 
way possible to explain the spontaneous com- 
bustion which has resulted from the breaking 
of bottles full of nitric acid, the acid running 
into organic matters. 



SECmON Vf. 

COLORED FIRES.* 

The pbenomena exhibiting colored flames 
may be distinguished into non-illumiTmiing and 
xlluminaiing fires. The former expression is 
certainly not to be taken in the strict sense of 
the >Yord, since a flame without any light is 
clearly impossible ; but the line of distinction 
between the two is so marked, that the mean- 
ing is readily understood. Non-ilhimmaiing 
fires^ owing to that very peculiarity, are of but 
limited application compared with the colored 
or illuminating fires proper, which are those 
principally called into service by pyrotechnists. 
The medium of combustion in the former is 

* In ibis section we are indebted for many recipes to 
tbe '* American Dmggistd* Circular." 
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almost ezdosiyely alcohol, while that of the 
latter is either charcoal| or solphuri or both 
together. 

Before proceeding with a description of the 
various lights and their components, it will be 
necessary to give practical methods for the 
preparation of the ingredients, and it will be 
found advisable to adhere strictly to the rules 
laid down in the following chapter. 
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CHAPTER XXIX. 

SUBSTANCES USED FOR PREPARINa COLORED 

FIRES. 

Nitrate op Potash. 

In Chapter VII. of this work, we have said 
all that is necessary of this substance. Before 
nsingi it must be perfectly dried. It colors 
the flame of alcohol clear pink. 

Sulphuret of Sodium. 

Dry the glauber salt, in an iron pan over a 
coal fire, as long as watery vapors arise from 
it; the white powder resulting is mixed with 
i its weight of powdered charcoal, placed in a 
crucible, covered, and exposed to the strongest 
heat of a stove. Sulphuret of sodium is pro- 
duced, which fuses ; when the crucible is taken 
from the fire it is allowed to cool, then broken, 
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and the snipbnret powdered and presenred in 
well-stoppered bottles. 

OXALATB OF SODA 

Is prepared by neutralizing a eoneentrated bot 
solution of carbonate of soda, by slowly adding 
oxalic acid until it turns blue litmus paper 
into red. The salt is crystallized and dried 
in the usual manner, using cold water for 
washing, and no heat in drying. 

NlTRATS OF BABYTA. 

The material to manufacture this salt is the 
native sulphate or carbonate of baryta, or the 
commercial chloride of barium. The mode of 
preparation for the two former is the same as 
that of the nitrate of strontia, as we shall see. 
From chloride of barium it is prepared as fol- 
lows : Dissolve four parts of chloride of barium 
in eight of hot water, and three parts of nitrate 
of soda in three of Iiot water; mix the solution 
while hot, and stir till cold. Owing to chem- 
ical affinities, an exchange of acids and basis 
takes place, from which results a fine crystalli- 
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sation of nitrate of baryta and chloride of ao- 
dium. 

The nitrate of baryta is drained in a glass 
funnel from the mother liqnori washed slightly 
with cold water, then dissolved in hot water, 
and recovered by a second crystallization. 
The mother liquor from this latter yields 
another though more impure supply of the 
salt The crystals are treated in the same 
manner as nitrate of strontia. 

Chlorate of Baryta. 

This salt is difficult to prepare sufficiently 
pure for the wants of the pyrotechnist Its 
preparation is very circumstantial, and the 
best is as follows : Dissolve 15 parts of tar* 
taric acid in 48 parts of water, and neutralize 
by adding gradually 14 parts of crystallized 
carbonate of soda. At the same time have 12 
parts of chlorate of potash dissolved in 82 of 
boiling water. The hot solutions are mixed, 
stirred up, and set aside to cool. On cooling, 
there will be found a precipitate of bitartrate 
of potash and a solution of chlorate of soda. 
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This latter is filtered ofl^ and to it are added 
12 parts of oxalic acid dissolved in 86 parts of 
cold water, the mixed solutions being sur- 
rounded with a frigorific mixture in an ice 
freezer. It is necessary for the precipitation 
of the oxalate of soda that the solutions should 
be kept as cold as is practicable, since this salt 
is quite soluble at the ordinary temperature. 
The oxalic acid has disengaged the chloric acid, 
which latter is now contained in the superna- 
tant liquor, and after filtering, is in its turn 
neutralized with freshly precipitated pulpy 
carbonate of baryta, by the aid of a slight ele- 
vation of temperature. The solution of chlo- 
rate of baryta is then evaporated over a water 
hath, and the salt as it forms removed from the 
liquor which is completely dried. For the pur- 
pose of a pyrotechnic display, this salt must not 
be deliquescent, nor exhale any acid, and when 
ignited on paper must show a purely emerald 
light ; if this light has a reddish or yellowish 
hue, the salt is unfit for use. The carbonate 
of baryta called for in this formula is prepared 
by precipitating a solution of chloride of ba- 
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linm by one of carbonate of ammonia, to wbich 
some ammonia has been added. 

When the white precipitate has settled, pour 
off the supernatant liquid, bring the precipitate 
on a filter, and wash it with pure water as long 
as the washings carry off any ammonia, which 
is the case if it colors a drop of a dilute solu- 
tion of blue vitriol a deeper blue. 

CnLORiDE OF Strontium. 

This is prepared in the same manner as the 
nitrate of strontia, substituting hydrochloric 
acid for nitric acid. Owing to its greater solu- 
bility in water, it is necessary to obtain the 
salt crystallized to evaporate the solution to a 
less bulk before a crop of crystals will form. 
These are drained in the same way as the ni- 
trate, but dried at a higher temperature on 
bricks, and preserved in well-stoppered bottles. 

Nitrate of Strontia. 

This salt is prepared from the native sul- 
phate of strontia or its carbonate ; the latter 
13 
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famisliefl a flolation of the nitrate when it is 
powderedi placed in a porcelain dish, and 
treated with commercial nitric acid as long as 
a violent effervescence is produced, then placing 
the dish on a sand bath, and heating it slowly, 
when a small portion of the mineral must re- 
main behind, or otherwise it has to be added 
in order to prevent a loss of acid. The hot 
solution is then filtered and allowed to cool, 
when a second crop of crystals will result. 
Both crops are then drained on a glass 
funnel, folded in blotting paper, and pressed 
between two bricks. They are next ground 
into powder in a porcelain mortar, dried upon 
warm bricks, and finally preserved in well- 
stopped bottles. The sulphate of strontia re- 
quires another manipulation, which consists in 
first calcining the powdered mineral, embodied 
with about two-fifths of its weight of flour, and 
made into paste with some fatty oil, in crucibles 
or earthen pots, which are placed in a brick or 
potter's kiln. This yields an impure sulphuret 
of strontium, which is exhausted with hot 
water ; the solution filtered and evaporated to 
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the point of crystallization. Tlie crystalfly 
which are generally indistinct, may be sepa- 
rated, drained, and dried upon bricks, if it is 
desired to preserve them. To convert the 
concentrated solution into nitrate, it is treated 
with nitric acid diluted with an equal weight 
of water. This operation involves the disen- 
gagement of large quantities of sulphuretted 
hydrogen, and renders it necessary to perform 
it in the open air or under a good draught. 
When the effervescence has ceased, a small 
excess of sulphuret of strontium is added, the 
solution of the now nitrate of strontia is heated 
over a sand bath, filtered, and treated as above. 

Oxalate of Strontia. 

Add to a solution of nitrate or chloride, a 
solution of oxalic acid as long as a white pre- 
cipitate is formed. This is filtered off and re- 
peatedly washed with water, then dried as 
usual. The acid liquor from the precipitation^ 
as well as the washings, contains some strontia 
which ought to be recovered by precipitation 
with carbonate of ammonia, and the carbonate 
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of strontia formed converted into nitrate or 

cUoridew 

SuLpnuRET OP Tin. 

Tin is filed into a coarse powder, and mixed 
with an equal weight of flowers of sulphur. 
This mixture is deflagrated in a crucible 
brought to and kept at a red heat on a coal 
firo. Small portions arc introduced at a time, 
vrben deflagration takes place, caused by the 
combustion of the excess of sulphur; no more 
is added until what is lef^ in the crucible has 
assumed the temperature of the crucible, and 
is in a glow. When the crucible is about J 
full, it is covered, heated somewhat stronger 
for a while, and then allowed to cool. The 
oontents of the crucible are powdered in an 
iron mortar ; if any of the metal should still 
be present in a free state^ proved by the flat- 
tening of some of the coarser grains, they must 
either be picked out, or the whole calcination 
must be renewed after adding some sulphur. 
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Nitrate of Copper. 

Copper tornings or small slips of copperi to* 
gether with a suflicicnt proportion of nitric 
acid in a porcelain dish, are placed in the open 
air and slightly heated. Should all the copper 
bo dissolved, some more must be added until 
it ceases to dissolve, whereupon the solution is 
heated to boiling, then taken from the fire and 
allowed to cool slowly. The nitrate of copper 
will form in fine green crystals, which are freed 
from the mother liquor by pressing betwcea 
filtering paper, and drying on bricks without 
heat. They are preserved in glass stopped 
bottles. 

CuLORiDK OF Goiter 

Is prepared in the same manner with aqua 
regia instead of nitric acid. The solution is 
rapidly hoikd down, and the blue crystals of 
chloride of copper which form on cooling when 
drained from the mother liquor, but still moist, 
are dissolved in alcohol, partly on account of 
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their deliquescencOi and because this prepara* 
tion is only used in that condition. 

Iodide of Copper, 

A solution of sulphate of coppcTi saturated 
in the cold, is added to a similar one of iodide 
of potassium until the liquid shows a blue 
color, when the precipitate has settled. The 
whole is then well stirred, filtered, and the 
precipitate on the filter washed, first with 
water, then with alcohol. The brownish white 
powder of iodide of copper is dried upon 
bricks at a low heat, and when dried preserved 
in stoppered bottles. 

We have thus far enlarged upon the prepa- 
ration of the rarer compounds required for 
pyrotechnic displays, all other ingredients are 
easily obtained in the trade, but they must 
always be of the best quality. 
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CHAPTER XXX. 

KON*ILLtJUINATIKQ COLORED FIRS8. 

The usual modes of preparing these fires 
are as follows :— 

Into a flat porcelain or tin cup pour alcoholi 
and add the coloring substance previously dis- 
solved in hot water: Or cotton wadding is 
dusted with the preparation in a fine powder, 
then soaked in alcohol and lighted. The same 
ball of cotton may serve repeatedly by merely 
moistening it with alcohol : or take a common 
cylindrical tin box about 4 inches high and as 
many wide, and form it into a rude lamp after 
the manner of a spirit lamp by passing an inch 
of perforated tin or brass tube for the wick 
through the lid, then fill it with alcohol, to 
which a solution of the coloring substance has 
been added. The latter arrangement will be 
found preferable. 
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The following substances are used to pro* 
dace the various colors. 

Bed — ^Nitrate of strontia, chloride of stron* 
tium. 

yeZ&nc;.— Chloride of sodium, nitrate of soda. 

Green. — Nitrate and iodide of copper, boracic 
acid. 

Oreen with Blue Streaks. — Chloride of cop- 
per. 

Pink. — SaltpetrCi pearlash, orangei chloride 
of calcium. 
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CHAPTER XXXI. 

illuuikating fires— bengal fires— open 
lights- colored lights. 

Illuminating Fires and Bengal Fires. 

These fires serve to illuminate objects of a 
small or larger compass; bonce, intensity of 
light is principally to be aimed at, besides, 
there is a condition that there be but little 
smoke, and that the mixture burn off slowly 
and regularly. The mode of using the mix- 
tures is either to place them open on a flat 
dish, or to put them into stiff paper capsules 
prepared in the manner of rockets, but of very 
thin paper. These two modes require different 
mixtures, and produce different effects. The 
former gives off a larger light, but, even ia 
large quantities of short duration, while the 
latter, though smaller, burns longer and with 
more regularity. 
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Open Fires. 

Among tbe many recipes for tbese, bat few 
deserve to be recommende<l| and tbeae bave 
been selected. The white and red fires only 
show a clear distinct color. The green is gene- 
rally pale, and shows off easily when burnt 
after a red. A pure blue is very difficult to 
obtain. 

The following should be observed as general 
rules : The ingredients for the fires are dried 
singly at a slightly elevated temperature^ finely 
powdered, and preserved in well-stopped bot- 
tles until required for use. The mixing of the 
ingredients is best performed on a sheet of 
paper by means of a card, and should be dono 
very carefully, so as to insure a complete mix- 
ture. Sifling is in most cases admissible, while 
triturating in a mortar is, above all, to be 
avoided. 

After mixing, the powder is piled in small 
beaps in open vessels, for which purpose small 
flower-pot dishes are well adapted. On top of 
these several piles some gunpowder is placed 
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to facilitate tho lighting. Tho vessels should 
be arranged in such a manner that the flame 
may illuminate the intended object without 
being seen by tho spectators. The distribution 
of the material into a greater or less number 
of dishes is governed by circumstances. A 
great number of small flames from a givea 
quantity of mixture generally gives a moro 
intense, but so much shorter lived light thaa 
the same quantity distributed in larger por- 
tions. Beyond a certain limit, however, even 
that intensity is not materially heightened by 
a few more lights. If the fire is to continue 
for some time, it must further bo considered 
that large quantities of the mixture form a 
correspondingly greater amount of slags which 
greatly mar the effect. It is, therefore, best in 
such cases to burn off a number of small 
charges successively. 

White Fire. 

The following mixture is the best for white 
lights, being unsurpassed in brilliancy and 
power by any other. 
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I. 

Take- 
Saltpetre 18 ounces. 

Sulphur 10 ** 

Black sulphuret of antimony • 8 ^ 

Burnt lime • • • • 4 '* 

> 

The sulphur is used in the form of flowers 
previously dried ; the lime is not to he slaked^ 
but must be' finely powdered ; it must be fresh 
and be powdered immediately before use. 

All other mixtures for white fires have 
either a blush tinge, or contain deleterious 
ingredients, which latter render them at least 
unsuitable for in-door use. Of this latter class 
we will mention only one. 



II. 



Take- 




Saltpetre 


• 12 ounces. 


Sulphur 


• 4 " 


Sulphuret of tin • 


1 ounce. 



Two other mixtures deserve mention, while 
not equal to No. 1. 



ILLVMINATINO FIRSS. 



IIL 



205 



Take- 






Saltpetre 
Sulphur 
Sulphuret of sodium 


• 
• 
• 


24 ounces. 
8J « 


IV. 

Take- 






Saltpetre 

Sulphur 

Gunpowder 


• 
• 
• 


82 ounces. 
10} " 
7} « 


Bluk Fires, 


1 



The only mixture to be relied on, thougb 
the light is not purely blue but bluish-white^ 



is the following : — 



Saltpetre 8 ounces. 

Sulphur 1 ounce. 

Black sulphuret of antimony • } ** 



Bed Fires. 

* 

The following mixture is the best in use ; 
its composition may bo altered by various ad* 
mixtures. 
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L 

Take- 
Nitrate of strontia • 18 ounces. 
Sulphar • • • 1 ounce. 
Powder dust • . 1 " 

The latter ingredient is prepared from gun- 
powder, rubbed up carefully in a mortar, and 
then sifted through a hair sieve. 



IL 



Take- 




Nitrate of strontia 


. 12 ounces. 


Chlorate of potash 


. 8 " 


Stearin 


. 2 " 


Powdered charcoal 


1 ounce. 



In using chlorate of potash, the precautions 
we have indicated in other cliapters must be 
strictly observed, and all pounding and rub- 



bing avoided. 
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III. 



Take- 




Nitrate of strontia 


. 10 ounces. 


Chlorate of potash 


. 2 " 


Sulphur .... 


. 2J " 


Black sulphuret of antimony 


1 ounce. 


^ Powdered charcoal . 


. i " 



This gives a very strong light 

The nitrate of strontia for these fires, as the 
ingredients for all others, must be well but 
carefully dried. 

Yellow Fire. 

This color, which is very little used, is pro- 
duced by the following mixture : — 



Nitrate of soda 


. 8 lbs. 


Sulphur . . . . 


. 1 lb. 


Black sulphuret of antimony 


. i" 


Powdered charcoal 


• 1 ounce. 


Greent Fires. 





The coloring ingredients for these lights aro 
the salts of baryta ; the color is generally not 
very deep. 
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Take- 




Nitrate of baryta 


• 22 1 ounces. 


Sulphur 


. 5 " 


Chlorate of potash 


.10 " 


Calomel 


1 ounce. 


Lampblack 


. . J « 


n. 




Nitrate of baryta 


• 80 ounces. 


Chlorate of potash 


. . 9 '* 


Sulphur 


. • 11 " 


III. 




Chlorate of baryta 


• 8 ounces. 


Sulphur 


. 1 ounce. 


• 

IV. 




Chlorate of baryta 


• 1| pound. 


Stearin 


• 8 ounces. 


Sugar of milk 


• 1 ounce. 


▼. 




Chlorate of baryta 


. 8 ounces. 


Su;;ar of milk 


. 1 ounce. 
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COLORBD LiQHTS. 

These are formed by filling cylinders of 
thin writing paper of about an inch in diameter 
with the mixtures. The length of the cylinder 
determines the duration of the light The 
mixture may be moistened and pounded into 
the cylinder with a wooden rod. After drying, 
they will then be hard enough to allow of the 
removal of the paper, and may be further 
strengthened by being dipped or painted over 
with mucilage of gum arable. The cylinders, 
when finished, are tied to the upper end of 
sticks fastened in the ground in a vertical po- 
sition. 

The mixtures vary essentially from those 
used for colored tires. 

White Lights. 

Saltpetre 4 ounces. 

Sulphur 1 ounce. 

Black sulphuret of antimony • 1 '^ 

14 
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Yellow Liqht. 

I. 

Sulpburet of antimony • • • 2 ounces. 

Chlorate of potash • • • 4 *^ 

Sulphur 2 " 

Oxalate of soda • • • • 1 ounce. 

n. 

Saltpetre • • • • • 140 ounces. 

Sulphur 45 " 

Oxalate of soda • • . 30 ^* 

Lampblack • • • • 1 ounce. 

Grksn Light. 

I. 

Chlorate of baryta • • .2 ounces. 

Nitrate of baryta . . . 8 " 

Sulphur . • . • .1 ounce. 

n. 
Chlorate of potash * • .20 ounces. 
Nitrate of baryta . . . 21 ** 
Sulphur 11 " 
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Bed Liqht. 

Nitrate of strontia 
Chlorate of potash 

Sulphur • • • • 
Black sulphuret of antimony 
Mastic • • • • 



25 ounces. 

15 " 

13 " 
4 «* 
1 ounce. 



Pink Light. 



Chlorate of potash 
Saltpetre 
Sugar of milk 
Lycopodium 
Oxalate of strontia 



12 ounces. 
5 " 
4 ** 
1 ounce. 
1 " 



Blue Light. 



Chlorate of potash 
Sulphur 

Ammoniated copper 



8 ounces. 
1 ounce. 
1 " 
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colobed llohts without sulphur fob ik* 

door illuminations. 

Whttb. 



Chlorate of potash 


« 12 oances. 


Saltpetre • • 


. 4 •• 


Sogarofmilk 


. 4 " 


Lycopodinm • • • 


1 ounce. 


Carbonate of baryta • 


. 1 " 


Yellow. 




Chlorate of potash 


6 ounces. 


(or nitrate of baryta) 


. 10 •* 


Saltpetre • • • • 


. 6 « 


Oxalate of soda • 


• 5 « 


Powdered shellac 


. 8 ** 



Green {only after ydlow or red Ughts). 

Chlorate of potash • • • 2 ounces. 
Nitrate of baryta • • .1 ounce. 

Sugar of milk • • • • 1 *' 



XLLUMIKATIKO FIBI8. 



218 



Bkd. 



Nitrate of strontia 
Chlorate of potash 
Sugar of milk 
Stearin 



12 ounces. 
8 " 

1 ounce. 

2 ounces. 
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CHAPTER XXXII. 
phosphoric lights. 

Phosphorescence. 

A NUMBER of bodies have the peculiarity 
under certain circumstances of emitting light, 
the origin or cause of which has not as yet 
been fitly explained. Among such cases is 
the appearance of light during the process of 
crystallization. The transition of a substance 
from the non-crystallized, amorphous or liquid, 
to the crystallized condition, is accomplished 
by a simultaneous movement of its atoms, pro- 
ducing light in a manner which cannot be fur- 
ther accounted for. 

In all cases to be mentioned, it will be found 
a very remarkable fact that when the substance 
has once shown this phenomenon, during its 
passage into the crystallized state, it will not 
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show it again wben redissolved and recrystal- 
lizcd. Evidently there is connected with it a 
positive change in the arrangement of the 
atoms, and the phenomenon of phosphorescence 
is only in so far coincident with the process of 
crystallization, as the latter is produced by a 
rearrangement of the atoms. 

The amount of light developed is in all in- 
stances so small as to be observable only io 
the dark. 

Arsenious Acid. — This substance, as it ap- 
pears when freshly prepared, and partly even for 
some length of time afterwards, is in transpa- 
rent, glassy, perfectly colorless lumps. It gra- 
dually passes, beginning on the outside first, 
into a semi-transparent porcelain like, and 
finally into a perfectly opaque state. This 
change is caused by the atoms assuming the 
form of crystals. It is rcduccMl more rapidly 
and with the appearance of light when the 
crystallization of the acid takes place from a 
solution of it. For this purpose a piece of the 
transparent arsenic is powdered and dissolved 
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in somewhat dilated and boiling hydrochloric 
acid to aaturationi with due observance of the 
caution necessary to guard against accidental 
poisoning. The glass vessel containing the 
solution is then allowed to cool slowly, having 
been placed on some non-conducting substancCi 
such as wood. As soon as the crystallization 
sets in, the formation of each crystal is observed 
in the dark by a brilliant glimmer of light. 

Sulphate op Potash.— The neutral sulphate 
of potash, when freshly prepared, possesses the 
same property of phosphorescence while passing 
into the state of crystallization. It is necessary 
that the solution of this salt be not made by 
dissolving crystals of it in water, but that it 
be a solution of its components sulphuric acid 
and potash, or bisulphate of potash and potash. 
For, the once crystallized salt has already un- 
dergone the change in the atoms on which 
the success of the experiment depends, and its 
immediate formation, as it were, an amorphous 
condition, is indispensable. To a solution of 
purified pearlash or salt tartar in hot water, 
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dilate sulphuric acid is added gradually, as 
long as effervescence takes place, or the liquid 
turns red litmus paper to blue, then filtered 
and evaporated to the point of which, a small 
portion of it on cooling deposits crystals. The 
solution is then allowed to cool slowly in an 
open dish, and it will show in the dark a con- 
stant succession of viscid flashes attending the 
formation of crystals. 

Better results are sometimes obtained by 
neutralizing a solution of fused bisulphate of 
potash with pearlash in the same manner. 

Sulphate of Soda and Potash. — A mixture 
of 11 parts of sulphate of potash and 9 of efllo- 
resced sulphate of soda is fused in a crucible, 
then allowed to cool, powdered, dissolved in 
just enough hot water, and quickly filtered. 
On cooling, the formation of crystals is accom- 
panied by a similar phosphorescence as that 
above referred to. Within a few hours after 
their formation they will shine again when 
rubbed; but on being rcdissolved and again 
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brought to crystallization, no light will be ob- 
8erved| nor would any be seen in the original 
solution if it were too dilute when first made, 
and had to be evaporated. 

Sulphate op Potash and Carbonate op 
Soda. — A mixture of 8 parts of sulphate of 
potash and 3 of effloresced carbonate of soda, 
fused and treated in the same manner as the 
abovCi gives the same result. 

Chromate op Potash and Sulphate op 
Soda. — A mixture of 19 parts of neutral chro- 
mate of potash and 14 parts of effloresced sul- 
phate of soda gives the same result as above. 

Chromate op Potash and Soda.— The fol- 
lowing mixture behaves in the same manner : 2 
parts of bichromate of potash and one of dry 
carbonate of soda. In this case the crucible 
must be large enough to allow for the efferves- 
cence caused by the disengagement of carbonic 
acid. 
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Benzoic Acid. — The sublimation of benzoic 
acid is attended by a brilliant exhibition of 
glimmering lights when properly conducted.- 
An optional quantity of it is mixed with one- 
sixth of its weight of powdered charcoal, and 
put into a flat dish which is placed on a heated 
iron plate ; the dish is covered by a large bell 
glass. 
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CHAPTER XXXIIL 



PYROPHORS. 



A SKCOND class of self lominoas substances 
are those in wbich this peculiarity is permanent 
and which are eoraetimes called ptfropJwrs (firb 
bearers). Their phosphorescence consists in 
the diffusion of a pale light without manifesta* 
tion of fire, the same as the well known ap- 
pearance of phosphorus their prototype in the 
dark. In some of these substances the pbos* 
phorescence is caused by slow combustion; 
in othcrSi such as some living and dead ani- 
malS| and vegetable membranes, as well as some 
mineral substances, it depends upon causes 
not within our control, and therefore omitted 
from our selections ; in others, again, it is pro- 
duced by the illumination of the sun's rays by 
or during beating and other causes. Most of 
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those which show a phosphoresoenc6| after 
having been exposed to the sunlight, do the 
same upon being heated. The explanation of 
these peculiarities is beyond our limitS| and 
more properly belongs to philosophy. 

To produce phosphorescence by means of the 
sunlight it is only required to expose the sub- 
stance for some minutes to the direct rays of 
the sun, and then exhibit it at once in the 
darkest place that can be selected. In some 
instances this state of illumination continues 
for several days ; in others, it passes off after a 
few hours or even minutes. The latter pecu* 
liarity is dependent upon certain circumstances 
attending the preparation of the substances 
and upon the manner in which they are pre- 
served, which should be in all cases complete 
seclusion from the air in well-stopped glass 
vessels. 

The color of the light exhibited by these 
substances varies with their nature, and the 
degree of heat to which they have been ex- 
posed. A certain scale of light and color may, 
therefore, be produced by grouping together 
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diiTerent substances or samples of the same 
substancci cacli having becd heated at a dif* 
ferent temperature. 

SuLPHURET OF Barium.— Finely powdered 
sulphate of baryta, which must be free from 
iron, is formed into balls with mucilage of gum 
tragacanth ; the balls are dried at a moderate 
temperature, then placed in common crucibles, 
and kept at a red heat for an hour. They are 
then allowed to cool slowly, and while still 
warm are transferred into flasks with well-fit* 
ting glass stoppers, which may be further se- 
cured with wax or tallow. The phospho- 
rescence of this substance is much improved 
when the baryta has been mixed with three 
per cent, of magnesia. 

SuLPHURET OF STRONTIUM. — Sulphate of 
Btrontia, treated in the same manner as the 
above, produces the same effects. 

SuLPHURET OP Calcium. — Oyster shells are 
calcined to perfect whiteness in a crucible, 
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flrced by dusting from the .((shc9| and then 
piled inside down in a crucibloi with a layer 
of flowers of sulphur between each two. The 
erucible is then eovercd and exposed to a dull 
red heat for half an hour or more. 

SULPUURKT OF CALCIUM AND ANTIMONY.— 

Three parts of calcined oyster shells, treated with 
a mixture of 10 parts of flowers of sulphur and 
one of oxide of zinc, produce the same eflects. 

Chlouide of Calcium.— Fuse chloride of cal- 
cium in a crucible, and pour it out on a bright 
iron surface or slab; break it into pieces when 
cold, and transfer it into well-stopped flasks. 
If no chloride of calcium is at hand, calcine a 
mixture of 7 parts of burnt lime, slacked to 
dry powder, with 15 parts of salt ammoniac. 

NiTKATK OF Lime.— Make a solution of chalk 
or marble in nitric acid, evaporate to dryness, 
and fuse in a porcelain crucible. 

These substances may bo made self-luminous 
also by other means besides the sunlight; for 
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iostance^ by heating or poanding. A saoces- 
sion of experiments may be performed with 
them, after their phosphorescence from insula- 
tion has ceasedi by first warming them in the 
hand, then in a water bath, and afterwards on 
a stone plate, each successive increase of tem- 
perature producing a fresh exhibition of light 

QuiNiA AND SuLPHAT£ OF QuiNiA. — These 
two substances shine with remarkable intensity 
when slightly heated. Spread either of them 
over a sheet of paper, and warm it by holding it 
over a lamp. When this is withdrawn, a light 
will commence to spread from the edges to the 
centre, continuing sometimes for several min- 
utes. 

BoRACio Acid. — When boracic acid is fused, 
and is then allowed to cool, it will sponta- 
neously, or rather by concentration, break into 
pieces, and along the cracks caused thereby a 
bright light will appear, strong enough to 
be visible even in daylight. Sulphate of 
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potash, fused with cream of tartar and salts, 
shows the same phenomenon. 

Phosphorus. — As this is one of the most 
dangerous substances to experiment on, we 
shall restrict ourselves to a few experiments 
which are accompanied by no particular dan- 
ger, but are still to be performed with great 
care. 

In the first chapter of this work we have 
given all the precautions necessary, in handling 
phosphorus, to avoid danger. 

PhosphureWd oil is the best means of exhi- 
biting the luminous properties of this sub- 
stance. The phosphorus dissolves in olive oil 
to some extent when melted. A small dry 
piece, of the size of a pea, being placed in a 
test-tube with oil, is held in warm water, and 
when melted shaken until it no longer dis- 
solves, and then poured oft* clear into a small 
vial which is to be well-stopped, and preserved 
in a dark place. When this vial is opened in 
the dark, its contents will shine with the same 
light as phosphorus itself. The light disappears 
15 
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upon cIosiDg tho vial| but appears again on 
reopening it, and is intensified by shaking. It 
loses this property, however, after some time, 
when frequently opened. Characters written 
on paper with fresh phosphuretted oil appear 
in the dark with a bright glare. 

PJiosphureited ether is prepared by digesting 
finely divided phosphorus in a closed vial with 
sulphuric ether for some weeks, with frequent 
shakings. A piece of sugar moistened with 
this ether and dropped into a vessel with tepid 
water will make tho surface of the latter ap- 
pear quite luminous in tho dark. 

The luminosity of phosphorus depends, for 
the greater part, upon its property of burning 
in contact with tho air, by which a slight 
amount of light and heat is evolved, analogous 
to tho strongly marked appearance of light 
and heat when it bursts violently into flame. 
Yet some of these phenomena, such as arc evi« 
dently connected with any combustion, cannot 
thus bo explained. Phosphorus is luminous, 
also, during its evaporation or sublimation, as 
is also sulphur. Most of these phenomena we 
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are onable to deduce from any single one of 
tbeso causes, but originafe more generally in 
botb. 

Sulphur. — Roll sulphur, drawn over a 
warm brick, shows its marks in the dark with 
a bright light. 
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CHAPTER XXXIV. 

MILITARY FIREWORKS.* 

Buildings. — ^In a large establishment four 
separate buildings are required. 

No. 1 should have a porch, and contain at 
least four rooms. 

Cartridge room^ for making paper and car- 
tridges of all kinds. 

Filling room^ for filling cartridges. 

Packing room^ for putting i:^p ammunition 
for transportation or storage. 

Store room, for materials and tools. 

No. 2. FcRNACE or smith shop should have 
three rooms, two entirely cut off from the third 
by a partition wall. 

* For some portions of the iuformation contained in 
this and subsequent chapters, we are indebted to ** The 
Ordnauce ManuaL" 
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Driving room^ for driving rockets, fuses, etc 

Mixing room^ for mixing compositions. 

Furnace room^ for casting fuses or buUetSi 
and making compositions requiring the use of 
fire. 

No. 3. Carpenter's shop. 

No. 4. Magazine for powder, fixed ammu- 
nitions, etc. 

All these buildings should be at a distance 
from inhabited buildings, apart from each 
other, and protected by trees or traverses of 
earth placed between them. 

The size of the rooms is regulated according 
to the number of men to be accommodated. 

Precautions against Accuknts. 

Avoid, as much as possible, the use of iron 
in the construction of the buildings, fixtures, 
tables, benches, boxes, etc., of the laboratory; 
sink the heads of all iron nails if used, and fill 
over them with putty, or paste several thick- 
nesses of paper over them. Before the men 
go to work, cover the floor with carpets or 
tarpaulins, which are taken up carefully after 
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tlie men leave, and carried at least 50 yards 
from tbe building, and there shaken thoroughly 
and swept. 

Place the stores in cloth bags in the windows^ 
exposed to the sun. Prevent persons from 
entering with iron instruments or with matches 
about their person. All those who work 
where there is powder must wear moccasins 
or socks. The wdrkmen should not drag their 
feet while walking. 

The doors and windows must open and close 
easily, without friction, and they must bo open 
whenever the weather permits. 

Never keep more powder in the laboratory 
than is necessary, and have the ammunition 
and other products taken in the magazine as 
fast as finished. 

Powder barrels ought to be carried on hand- 
barrows, made with leather, and the ammuni- 
tion in boxes. 

Never drive rockets, etc., in a room where 
there is any powder or composition, except 
that used at the time. Loading shells, driving 
rockets, pulverizing materials, etc., ought to 
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be done in all cases in the open air, or under 
a tent far from the laboratory and magazine. 

Never enter the laboratory at night, unless 
it is indispensable, and in that case use close 
lanterns. 

AppUcatioy^s for hums. — Exclude the air by 
applying fresh lard to the burn ; or bathe the 
part burned; and cover it with linen soaked in 
a mixture of 8 parts of sweet oil and 1 of am- 
monia well beaten together. 

Maleriak. — As in diflerent chapters of this 
work we have entered into explanations of the 
diflerent materials used in fireworks, we think 
it unnecessary to recall them here. We would 
then refer the reader to tliosc diflerent chap- 
ters. 
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CHAPTER XXXV. 

matches— fuses— rock-fire— blub lights— 

signal rockets. 

Slow Match. 

Slow match is prepared rope, which is used 
to keep and carry fire; it burns slowly, with 
a firm, hard coal, and is not easily extinguished. 

Materials. — Ilenip or /lax raps of 3 strands, 
slightly twisted, about 25 yards long, and of a 
uniform diameter of O.G inch — acetate of lead^ 
water. 

Preparation I. — Boil the rope for ten minutes 
in water, holding in solution Ji^ of its weight 
of acetate of lead ; remove it with spatulas into 
the tub, or let it remain in the 'cold solution 
until it is thoroughly saturated. First, twist 
it over the kettle, and then by attaching one 
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end to the book of a twisting winch, twist it 
bard| keeping it stretched by means of a stick 
passed through a loop at the other end ; at the 
same time rubbing it smartly, always in the 
same direction from the hook, with coarse 
mats until the diameter of the match is reduced 
0.1 inch, and it has a uniform twist and hard- 
ness. 

Matches thus prepared burn 4 inches in an 
hour. 

II. — ^If sugar of lead cannot be procured, the 
rope may be simply leached ; for this purpose, 
it is put into a leach tub, and steeped in pure 
water for twelve hours; this water is then 
drawn off and replaced by lye prepared in a 
boiler with a quantity of ashes equal to half 
the weight of the rope, to which 5 per cent, of 
quicklime is added. When the rope is well 
leached, twist it with sticks, steep it 5 minuted 
in hot water, and terminate as above. 

This match burns 5 inches in an hour. 

A slow match may be made of strong paper 
by immcrsiniT it in a warm solution of nitre, 
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one pound to two gallons of water. A half 
sheet thus prepared keeps fire for three hours. 

Quick Match. 

Quick match is cotton yarn of several 
strands, saturated and covered over with an 
inflammable composition; it is used for com- 
municating fire from point to point in fire- 
works. 

The material required to make it is mealed 
powder, cotton yarn, gummed brandy or 
whiskey, in the proportion of 1 ounce of gum 
to J gallon of spirits. 1000 yards of quick- 
match require 1 pound of cotton yarn, 8 pounds 
of mealed powder, 1 J gallon of spirits, and 2 J 
ounces of gunt. When dried it weighs 9 
pounds. 

Prepam^ebn.— Steep the cotton in the gummy 
whiskey until thoroughly saturated. 

Make a paste of mealed powder by mixing 
1 quart of gummed whiskey to 2 pounds of 
powder, and put a layer of it about ^ nn inch 
deep in a bowl; on this spread a coil of the 
cotton by unrolling the ball, and distributing 



4 
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it eqaally on the surface of the paste antil 
tbere are 6 or 6 yards over one another ; put 
another layer of the paste, and continue until 
the bowl is full. After the cotton has been 3 
or four hours in the bowl wind it on a reel. 
Before it is dried, dredge it with mealed pow- 
der ; let it dry slowly, cut it off from the reel, 
and put it in bundles. One yard in the open 
air burns 13 seconds. 

If to the above composition you add J of 
sulphur, 1 yard burns in 22 seconds, with |, 
88, with I, 53, with }, 162 seconds. 

Fuses for Mortar Shells. 

The hard, close grained woods are best 
adapted for making fuses. Beach or ash is 
generally used. It should be dried, sound, free 
from knots, worm holes, etc. 

The composition is the following:— 

For eight and ten inch liyht Mortar Fuses. 

Nitre • . . .2 parts. 

Sulphur • . • • 1 part. 
Mealed powder . . 3 parts. 
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For (en and Oiirieen indi heavy Mortars. 

Nitre .... 2 parts. 
Sulphur ... 1 part. 

Mealed powder • • 2 J parts. 

Fuses for heavy Guns. 

The composition of the mixture is the fol- 
lowing: — 

Ko. 1. Kitre, 26. Salphnr, 9. Mealed powder, 14. 
No. 2. ** 2G. " 9. " 12. 

Ko. 3. " 2G. " 9. « 10. 



Hock Fires. 

Bock fire is a composition which burns 
slowly, is difHeult to extinguish, and is used to 
set fire to buildings, ships, etc. That which 
is put into shells is cast in cylindrical cases of 
paper, having a priming in their axis. 



Composition : — 




Kosin 


3 parts. 


Sulphur 


. 4 " 


Nitre 


. 10 " 


Eegulus of antimony 


1 part. 


^luttou tallow 


. 1 •• 


Turpentine 


. 1 '* 
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Pulverize the sulphur, nitre, and antimony 
separately, mix them with the hands, and pass 
through a sieve. Melt the tallow first, then 
the rosin, stirring the mixture with spatulas, 
add the turpentine, and next the other ma- 
terials, in small quantities at a time, stirring 
the whole constantly with large spatulas. 

Let one portion of the composition be melted 
before more is added. When the composition 
becomes of a brown color, and white vapors 
are disengaged, the fire is permitted to go 
down, and when the composition is sufliciently 
fluid, the cases are filled not more than | full. 

Fire Balls. 
Composition : — 
Saltpetre .... 8 parts. 
Sulphur . . . . 2 " 
Antimony , • . 1 part. 

Blue Lights. 

Composition : — 
For 100 lights take- 
Saltpetre . . .9 lbs. 10 ozs. 
Sulphur . . . 2 " C J " 
Bed orpiment • . 11 " 
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The materials shoald be pure, well pulve- 
rized, thoroughly incorporatod^ and passed 
through a hair sieve. 

Fill a wooden cup with the eompositioni and 
press it firmly in. Prime the cup with a quick 
matcK 

Signal Bockets. 

Bockets for signals are composed of a paper 
case charged with composition, a pot filled 
with ornamentS| and a light stick to give di- 
rection. 



Composition : — 




Nitre 


. 26 parts. 


Sulphur 


. 5J « 


Charcoal 


. 19 « 
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CHAPTER XXXVI, 

DECORATIONS FOR ROCKETS— WAR ROCKETS — 
ORNAMENTAL FIREWORKS. 

Stars. — The composition to prepare stars is 
08 follows : — 



While. 


Yellow. 


RcJ. 


Dlun. 


Qroco. 


A polDts. 


Nitre 


16 


u 


cc 


It 


cc 


cc 


Sulplmr 


8 


1 


cc 


cc 


C4 


7 


Mealed powder 


4 


it 


cc 


cc 


Ci 


10 


Charcoal 


•t 


1 


iC 


CC 


cc 


cc 


Nitrate of soda 


C( 


6 


cc 


cc 


AC 


c« 


Chlor. of potash 


<( 


u 


5 


8 


90 


cc 


Nit. of strontia 


l( 


(( 


20 


Ci 


AC 


AC 


Gam dammar 


It 


AC 


4 


4 


CC 


AC 


Sulph. of copper 


cc 


<l 


AC 


4 


U 


AA 


Nit. of baryta 


AC 


AC 


cc 


CA 


192 


AC 



The material is reduced to fine powder, and 
mixed with the hands. The composition is 
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moistened with wliiskey in which gum has 
been dissolved. 

Serpents are very small rocket eases charged 
with composition. 

Streamers are small paper cases from 2 to 
4 inches diameter, and from 2 to 4 inches 
long, made of four turns of paper, one end is 
closed, and the case is charged and primed 
like that of a lance. 

Gold rain is made of small stars all the same 
size ; the stars are cubes, the length of whoso 
sides is 5 inches. 

Marrons are small cubic boxes made of 
pasteboard, filled with powder, and wrapped 
with strong twine. They are used to give a 
loud report or the cflfect of cannonading. 

IFar Eocht. — It consists, 1st, of a sheet-iron 
case lined with paper, and charged with rocket 
composition; 2d, of a cast-iron cylindro-co- 
noidal head, with a small cavity communicating 
with the bone of the rocket and pierced with 
three holes, oblique to the surface for the 
escape of gas; 3d, of a wrought iron plug 
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voided into tbo rear end of the easC| and having 
a hole in its axis for the escape of gas. 

The eomposition to make the rocket is thus 
formed : — 

Nitre • . . .10 parts. 
Sulphur . . . 2 " 

Charcoal . . . 3 " 

Pelsrd. is a wooden box filled with powder, 
used to blow down doors, gates, barriers, etc. 

Ornamental Fireworks. 

Lances are small paper cases, 2 to 4 inches 
diameter, filled with one or more compositions 
each burning with a flame of a particular color. 
They are used to mark the outlines of figures, 
and are attached to light frames of wood on 
sticks of bamboo. 

Their composition is as follows: — 



16 
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Wlilte. 


Yellow. 


Red. 


Bloe. 


Oreei 


KItre 


26 


u 


10 


8 


96 


Salphnr 


D 


4 


10 


2 


C4 


Mealed powder 


5 


4 


n 


M 


M 


Nitrate of soda 


a 


16 


u 


M 


U 


Lampblack 


u 


2* 


M 


«< 


8 


Nitrate of strontia 


u 


M 


30 


CC 


« 


Sulphate of copper 


u 


M 


u 


4 


c< 


Nitrate of baryta 


a 


« 


tt 


u 


192 



Sun Cases are strong cases made like those 
for rockets, and filled with a composition 
which burns more slowly than the rocket 
composition; they are attached to wooden 
frames to give long rays of sparkling light. 

The sunlight is thus formed :— 

Nitre 1 

Sulphur • • • • • 1 
Mealed powder . . .16 
Charcoal 4 

Lights are made by pressing lances or simi* 
lar compositions in a shallow vessel, or in 
cases of large diameter; the burning surface 
being large, the light attains a great intensity. 



J 
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Their composition is the following :— - 



White. Yellow. Red. Blao. Green. Beofal. 

Nitre 16 2 5 8 24 «« 

Salpbnr 8 4 6 2 16 4 

Mealed powder 4 " " " " 4 

Nitrate of soda " 20 «• " " 16 

Lampblack " 1 1 " 1 " 

Nitrate strontia " " 20 " " " 



Sulphate copper " *• " 4 
Nitrate barjta " " " " 48 
Antimony 



II SI 



«« II II <« II 



Petards are small paper cases filled with 
powder; one end is entirely closed, and the 
other has only a small hole left for a piece of 
quick match to communicate fire to the pow- 
der. 

Wheels are made and driven like sun cases ; 
they are used to give a rotary motion to pieces 
mounted on an axis, and to produce at the 
same time a brilliant fire. 

The wheel fires have the following compo- 
sition : — 
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CamnoB. 


DrillUnt 


ChlBAM. 


WhItA. 


Kitre 


6 


1 


1 


6 


Salpbnr 


1 


1 


1 


7 


Mealed powder 


16 


16 


7 


16 


Charcoal 


6 


u 


M 


it 


Steel filings 


If 


7 


it 


u 


Cast Iron filings 


M 


U 


7 


u 



Roman candle is a long and strong tube, 
charged with stars which are thrown oat suc- 
cessively by a charge of powder placed under 
each star. 

Their composition is the following :— 

Nitre ...... 6 

Sulphur ' 2 

Mealed powder . • .16 

Charcoal • • • • 6 

Leaders are long paper tubes of small diam* 
cter, inclosing a strand of quick match. They 
are used to communicate fire rapidly from one 
point to another. 

Streamers arc composed of— 
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Nitre 

Sulpbar . 
Mealed powder 
Charcoal 

Serpents are formed of— 
Charcoal . 
Mealed powder . 

Oold rain is composed of 
Nitre 

Sulphur . 
Mealed powder 
Lampblack 
Flowers of zinc 
Gum Arabic 



2 

1 

16 
4 



2 
16 



16 
10 
4 
S 
1 
1 



SECTION V. 

FULMINATING POWDERS AND PERCUS- 

SIGN CAPS. 



CHAPTER XXXVII. 

HISTORY. 

Amongst the industries of new creation 
worth the attention of the science, is the fabri 
cation of fulminating and percussion powders. 
The universal adoption of percussion arms for 
war purposes is the origin of the rapid develop- 
ment of this new fabrication. Then, if we con- 
sider that there exists a small number of manu- 
factures more unhealth/ul than that of the fulmi- 
nating powders, and none more dangerous, 
we shall see the utility of a work, the object 
of which is to indicate all the peculiarities of 
this fabrication, all its inconveniences and dan- 
gers, and at last the improvements to be ap- 
plied in the difierent processes. 
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In 1810, a gunmaker of Paris, Mr. Prelat, 
introdaced in France a lock-plato constrocted 
on an English model, and in which the pow* 
dor, composed by Berthollet, was used for a 
primeri that is a composition in which the 
chlorate of potash took the place of ordinary 
powder. This powder took fire by the shock 
of a piston, on which fell the piece performing 
the functions of a hammen 

At the same time Lepage began to dis- 
tinguish himself amongst those who were 
trying to surmount the difllcultics connected 
with the use of primers inflammable by shock. 

Beboubert constructed also an ingenious 
gun; and in 1812 Pauly took out a patent for 
a similar fire-arm which could bo loaded at 
the breech, and among several advantages it 
presented was that of not being liable to injury 
from rain or dampness. 

The following year these firearms were 
improved, and in 1814 Brillat-Savarin an- 
nounced that Pauly^s guns could be advanta- 
geously used in the army. 

However, notwithstanding the real advan- 
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tages that the fulminating powders seem to 
have as percussion powders, advantages pro- 
claimed by all the savants, the sum of the in- 
conveniences outweighed the advantages. 

The bad effects of the chlorate of potash 
were indicated in 1812 by Rcgnier, relatively to 
a new rifle invented by Gossct : Rcgnier de- 
clares that before this new gun could be of 
any use it would bo necessary that the percus- 
sion powders should combine several essential 
qualities: 1st. Easy transportation without 
danger; 2d, That they do not oxidize fire- 
arms, as was the case with chlorate of pot- 
ash ; 3d. That they do not absorb the damp- 
ness of the air, as was the case with fulminate 
of silver. 

Its previsions are now realized. In 1818 
Lepage invented a new fowling-piece in which 
the prime was not chlorate of potash nor ful- 
minate of silver, but fulminate of mercury^ and 
it is to the use of this compound that is due tho 
revolution operated in the fabrication of fire- 
arms. From all tho fulminates, that of mer- 
cury is the only one now used. 
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CHAPTER XXXVIIL 

FULMINATING COMPOUNDS. 

Fulminating compounds are coxnpo8ition$ 
vrliich detonate with great force by a blow or 
by friction. 

Many metals form such compounds which 
are not used in the fabrication of percussion 
powders, but we think it will interest the 
reader to know how they are made. 

Fulminating Antimony. 



I. 




Take- 




Tartar emetic 


• 100 parts 


Powdered charcoal 


. 3 '* 



Triturate together^ put the mixture into a 
crucible filling it } full, cover with a layer of 
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charcoal, lute on the cover, expose three hours 
to a strong heat in a reverberatory furnace, 
and let it cool six or seven hours. Transfer 
the solid contents as quickly as possible to a 
wide-mouth stoppered bottle, where aflor some 
time it will spontaneously crumble down into 
a powder. 

II. 
Take- 
Antimony . . . 100 parts. 
Carburettcd cream tartar 76 " 
Lampblack . . . 12 " 

Operate the calcination as above. 

When the above processes are properly 
conducted, the resulting powder contains po- 
tassium and fulminates violently in contact 
with water. A piece the size of a pea intro- 
duced into a mass of gunpowder, explodes on 
being thrown into water, or its being moistened 
in any other manner. 
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FULMINATINO BlSMUTH. 

Take— 

Bismuth • • • 120 parts. 

Carburetted cream tartar 60 '' 

Nitre • • • • 1 part 

Operate as above. 

It is very rieh in potassium, and very ox* 
plosive. 

Fulminating Copper. 

Digest precipitated copper with fulminate of 
mercury or silver, and a little water. It forms 
solid green crystals tbat explode with a great 
flame. 

FULMINATINO GOLD. 

1st. Take: Eecently precipitated peroxide 
of gold, and digest it for 24 hours in strong 
ammonia. Dry the resulting fulminate in the 
open air, or at a temperature below 180®, care 
being taken to avoid the slightest friction, lest 
it should explode. It is a deep olive-colored 
powder. 
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2d. Digest tho tcrcbloride of gold in an ex- 
cess of ammonia. It is a brownish-yellovr 
powder. 

8d. Dissolve gold in tbe following: aqua 
regia, sal ammoniac, 4 parts; nitric acid 12 to 
16 parts, and precipitate with a solution of 
carbonate of potasb. 

Tbis compound can be safely made only in 
very small quantities at a time. Witbout 
great care it explodes with violence. Tbis is 
caused by tbe slightest friction on sudden in- 
crease of beat Its fulminating properties may 
be destroyed by boiling it in pcarlash, lye, or 
weak sulphuric acid ; and by beating the residue 
after washing it in water pure gold will bo 
obtained. 

Fulminating Platinum. 

Treat tbe sulphate of platina with an excess 
of ammonia. It is similar to tbe gold salt. 

Fulminating Zinc. 

Operate as for tbe fulminating copper ; digest 
together fulminate of silver, zinc filings, and 
a little water. 
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Fulminating Silver. 

!• Digest oxide of silver (recently precipi* 
tated and dried by pressure between bibulous 
paper) in concentrated ammonia for 12 or 15 
bours ; pour off the liquid, and cautiously dry 
the black powder in the air in divided por- 
tions. The decanted ammoniacal liquor when 
gently heated yields on cooling small crystals, 
which possess a still more formidable power 
of detonation than the black powder, and will 
scarcely bear touching, even while under the 
liquid. 

2. Dissolve chloride of silver in strong am- 
monia, cautiously add pure potash in fragments, 
and when effervescence ceases decant the fluid 
portion, and wash and dry the powder as 
before. It is slightly less powerful than the 
last. 

3. Pour one ounce of alcohol on 100 grains 
of powdered nitrate of silver, previously placed 
in a capacious flask or beaker glass, and shortly 
afterwards add one ounce of strong nitric acid. 
As soon as all the powdered nitrate assumes 
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the form of white clouds, add cold distilled 
water enough to suspend the ebullition. Col- 
lect the powder on a filter, and proceed as 
before. 

4. Take 50 grains of metallic silver, dissolve 
it in f ounce of nitric acid at a specific gravity 
1.37, and add to the solution still hot, 2 ounces 
of alcohol, and apply heat until reaction com- 
mences; the fulminate slowly separates from 
the hot liquid under the form of small, bril- 
liant, white, crystalline plates, which after 
being slightly washed with a little cold distilled 
water, are distributed upon separate pieces of 
filtering paper, in portions not exceeding 1 or 
2 grains, and left to dry in the air. When 
dried, the papers are carefully folded, and pre- 
served in boxes or bottles. 

5. Take 1 part silver, and dissolve it in 10 
parts of nitric acid at a spec. grav. 1.37, add 
the solution to 20 parts of alcohol at 85% ^pply 
gentle heat till the liquid begins to boil, re- 
move from the fire and set aside to cool. The 
fulminate of silver deposits in lustrous snow 
white, acicular crystals, and when washed and 
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dried, equals in weight that of the silver cm- 
ployed. 

The fulminate of silver occurs either in the 
form of a dark colored powder, or small bril- 
liant, acicular crystals or crystalline plates, ac- 
cording to the mode of preparation. It dis- 
solves in 36 parts of boiling water, but the 
solution deposits the greater portion of the 
fulminate as it cools. It is one of the most 
dangerous substances for which we are in- 
debted to chemistry. It explodes with unpa- 
rallelled violence by the slightest friction or 
percussion, or when touched by sulphuric acid. 
This occurs even when it is moist, if it is 
pressed by a hard body, and when dried, the 
touch of a feather is often sufficient to explode 
it. Its explosive tendency is so great that it 
can hardly be made, handled, or kept with 
safety. 
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CHAPTER XXXTX. 

fulminate of mercury. 

Preparation. 

The following process has been indicated 
by Mr. Gaultier de Claubry. 

The mercury is dissolved by nitric acid in a 
glass flask with a §hort neck ; the liquid must 
fill it quite §ds, as it disengages a great quantity 
of nitrous vapors. The flask is placed under 
a chimney with a good draught. If there be 
no chimney the operation is performed in the 
open air, and a weak elevation of temperature 
is necessary. The proportions used are gene- 
rally 1^ pounds of mercury and 18 pounds of 
acid. 

The dissolution is divided into 5 glass flasks 
to operate the mixture with alcohol. For this 
purpose, when the dissolution has a yellowish 
shade, the mercury having disappeared, leave 

it to cool for 8 or 10 minutes, and pour it into 
17 
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the flas)cs. In the C flasks distribute 8 or 10 
quarts of alcohol at 95^ ; often a very quick 
reaction is produced, and the fulminate de- 
posits. The operation is achieved when it 
does not disengage any vapor, and when the 
liquid becomes limpid. In many cases it is 
necessary to put a little fire under the flask in 
order to determine the reaction. In both cases 
there is a great disengagement of vapor, the 
action of which on the animal economy is very 
strong. It can, however, be condensed with a 
receiver, into which will be found a certain 
quantity of mercury, alcohol, a kind of ether, 
and several other products. 

When the fulminate is well deposited, sepa- 
rate the mother water, and reunite it in two 
flasks in which a new quantity separates. 

Pour the fulminate into a wooden bowl, and 
after decantation wash it with about ^ of its 
volume of cold water. 

The most convenient process is the one 
adopted in England, and indicated by Dr. Ure. 
It gives the largest proportion of fulminate. 

Dissolve at a gentle heat 100 parts in weight 
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of mercary in 1000 parts of nitric acid at a 
spec, grav. 1,40; pour the dissolution, previously 
carried to 131^, into SSO parts of alcohol of a 
density of 0.83, By measuring it takes one 
vol. of mercury, 7i of nitric acid, and 10 of 
alcohol. 

Dissolve the mercury in the acid in a tuba- 
lated glass retort, the neck of which commu- 
nicates with a glass receiver surrounded by 
cold water, to collect the distilled vapors. 

The condensed liquid is poured back into 
the retort. When all the mercury is dissolved, 
and the temperature is at 131®, pour slowly 
the solution into the alcohol contained in a 
glass flask, the volume of which must be at 
least six times as great as the liquor it has to 
contain. A few minutes after there begins, 
from the bottom of the flask, a light disen- 
gagement of gas, the quantity increases by 
degrees till it produces a quick ebullition ; it 
disengages by the neck of the flask a thick 
and whitish vapor forms, the greater part of 
nitrous ether, easy to inflame. 

Some have tried to condense the part of the 
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xnercnry mechanically carried away by this 
vapor; for this purpose they passed the vapor 
through a solution of subcarbonatc of soda; 
but as this process rendered the formation of 
the fulminate more diflicult, and altered its 
quality, it has been abandoned. 

When the ebullition and disengagement of 
vapors have stopped, throw the whole on a 
filteri and wash the precipitate with pure and 
cold water until the washing water has no 
action on litmus paper. Take the filter, 
spread it upon a plate of copper heated by 
steam below 212®. Divide the dry precipitate 
into portions of 1^ to 1} drachms; shut it up 
in a paper, and aflerwards in a large glass 
bottle. 

By the above process Ure obtains from 100 
parts in weight of mercury, 130 parts of fuK 
minate; then as 100 parts of mercury corre- 
sponds to 142 of fulminate, the loss is of 8} 
per cent, of the mercury employed. 

On a warm, clear day, one man with two 
assistants can make, and partially wash, one 
hundred pounds of fulminate in 10 hours. 
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CHAPTER XL. 

PHYSICAL AND CUEMIOAL PROPERTIES OF THE 
FULMINATE OF MERCURY— CONDITIONS OF 
EXPLOSIBILITY. 

The well prepared fulminate of mercury is 
in the form of bright, little crystals of a 
brownish-gray color ; they appear transparent 
when placed on a glass watch-crystal and 
humected with a few drops of water. They 
dissolve without residue in 130 parts of boil- 
ing water, and the solution deposits crystals 
by cooling. 

The fulminate of mercury decomposes with 
flame and explosion, by a shock, or when 
heated at 870^ It disengages nitrogen, car- 
bonio acid, and vapors of water and mercury. 

The conditions of explosibility in the fulmi- 
nate of mercury are very important to study 
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from the point of view of the salubrity. Thus 
we would remark that the explosion is much 
more easy under the influence of the shocki 
when the striking bodies are harder. The 
shock of wood against wood, or even iron 
against wood does not determine the explosion. 
It occurs very rarely between iron and lead • 
oftener, but with difficulty, between glass 
and glass, marble and marble. It is always 
produced between iron and iron, less easily 
between iron and bronze, iron and copper; on 
the contrary, by rubbing, it is easily deter- 
mined between two wooden plates, less easily 
between two iron or two marble plates. 

The largest crystals are those which deto- 
nate the most easily. When the fulminate 
of mercury is humected with 5 per cent, of 
water, the part which is stricken alone deto- 
nates, and the inflammation is not spread to 
all the mass. 

When you add 30 per cent, of water, you 
can rub the fulminate, without any danger, on 
a marble plate. 
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AH these circumstances are important, and 
ought to be known by every manufactureri 
foreman, workman, etc., for they furnish useful 
information, and diminish the dangers of the 
fabrication of the fulminating powders. 
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CHAPTER XLI. 

EXPLOSIONS— FIRES AND OTHER ACCIDENTS 
PRODUCED BY ETHEREAL FLUIDS OBTAINED 
IN THE FABRICATION OF FULMINATES — 
TREATMENT OF TUB WOUNDED. 

"When the necessary quantity of mercury is 
dissolved in the nitric acid, and the alcohol is 
added, we have seen the production of a lively 
reaction. The whole mass is strongly agitated, 
it disengages very abundant ethereal vapors, 
very inflammable, and have been often the 
cause of \iolent fires. At the moment that 
the mixture of nitrate of mercury, and alco- 
hol produces the fulminate of mercury, the 
glass flask, in which the operation is conducted, 
may be broken, and the liquid fall into the 
fire ; however, we think that this accident can- 
not result in any daugerous consequences. 
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becaaso the considerable quantity of dissolu- 
tion will extinguish the fire, and the flame of 
alcohol inflame the powder with difficulty. 
But there are other dangers, more serious for 
the men, and which have their cause in the 
ethereal vapors. It is very important to give 
some details on this subject. Mr. Gaulthier 
do Claubry has devoted to it a long paper in 
the "Annalcs d'llygiene Publiquc."* 

This chemist has added to his paper an ac- 
count of the accidents which he has himself 
passed through while preparing the fulminate. 
" For the past three years," says Mr. Gaulthier 
de Claubry, "the fulminates have been pre- 
pared in open retorts, the volatile products 
spread in the atmosphere, and the rnen engaged 
in that work have often complained of serious 
pains." 

In the instructions annexed to his report, 
Mr. De Claubry observes that when the al- 
cohol acts on the nitrate of mercury, it disen- 
gages a great quantity of vapor. The effect is 

■ 

* October 8, 183J). 
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very decided on the animal economyi but, at 
this epoch this action had not been studied, it 
was later that some dreadful accidents led to 
begin its examination. Indeed the volatile 
products we have spoken of, were then without 
use, but some manufacturers, to increase their 
proGts, tried to employ them, and one of them 
obtained a patent to extract the alcohol from 
the ethereal fluids. This extraction has fur* 
nished alcohol in a quantity sufficiently large 
to introduce it in the trade. The process con- 
sisted in saturating with chalk the condensed 
liquid, and distilling the liquor separated from 
that product. 

Mr. Gaulthier de Claubry, while visiting the 
establishment in which this operation was 
practised, learned from the manufacturer him- 
self, that a man, while saturating the liquor 
with chalk, had been suffocated, and another 
trying to take him away had been nearly suf- 
focated himself. The first had caused a great 
deal of uneasiness, on account of the violent 
nervous accidents which were manifested a 
short time after fainting away, and he was 
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sick several hours. ^'I interrogated this man,'' 
says Mr. Oaulthier do Claubry, "to know tho 
kind of pain that he experienced. lie could 
not tell me anything but that he was taken 
immediately with a violent headache; that his 
strength left him ; he cannot characterize tho 
odor of the vapors. 

"While there I made a saturation. Tho 
ethereal liquid was in a pan, the chalk was 
thrown into it and stirred with a long pole. 
The men kept away from the vapors, and ad- 
vised me not to go near by. I examined care- 
fully the odor disengaged, and that of hydro-' 
cyanic acid was very manifest. I was imme- 
diately taken with a violent headache, which 
dissipated only after a night's rest." 

These observations caused Mr. de Clau- 
bry to study more attentively the ethereal 
vapors we speak of. He ascertained that tho 
products of the condensation on which they 
operate with chalk, have an agreeable smell of 
nitrous acid, and when they are inhaled for 
some time they occasion a painful sensation and 
headache. 
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naving treated with water tbo liquid pro- 
duct of the condensation, it separates a more or 
less considerable quantity of a yellowish liquid, 
having a strong odor of nitrous ether. Ilaving 
tried to reunite a certain quantity with a little 
pipette, after two or three operations he ex- 
perienced a whirling and a painful sensation 
of tightening in the head and the breast. "A 
drop of the liquid having touched my tongue," 
says he, "the pains became very strong, and 
the surrounding objects appeared to me as 
through a fog; a tingling in the ear added to 
these effects. After a few seconds a shivering 
of the limbs was manifested, and I experienced 
the beginning of fainting. A bottle full of 
ammonia was near me; I had strength enough 
to open it and smell it, which revived me. 

"The pain in the breast was then very 
violent, that in the head insupportable ; I per- 
ceived the surrounding objects, and I breathed 
with difficulty. I then left the laboratory. 
The cephalalgy continued for 24 hours, and I 
was well again after three days." 

r 

Strictly speaking, we can assimilate to those 
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eflfccts only those produced by the gaseous hy- 
drocyanio acid. While, however, there are 
some differences in all the poisoning cases 
we have observed, we have never seen that 
pain at the posterior part of the head on which 
Mr. Gaulthier de Claubry insists. 

The ccphalalgy is often noticed, but the seat 
is not indicated. It is an important question 
to study. 

Since the attention of the scientific world 
has been called to the effects produced by the 
inhalation of etlier^ it is very probable that the 
effects, observed in the manufacture of fulmi- 
nates, arc produced independently of the hy- 
drocyanic acid, by vapors of ether. 

Without doubt, nitrous ether, the odor of 
which predominates in those vapors, plays an 
important part in the production of the phe- 
nomena, for nearly all the effects mentioned by 
Mr. Gaulthier de Claubry have been observed 
as a sequel of the action of sulphuric ether. 

What is the treatment to which the work- 
men, who experience the above accidents, are 
to be subjected ? 
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It is evident that the precepts established 
by Orfila in eases of poisoning by hydrocyanic 
acid^ must be followed. He says that the in- 
spiration of a slightly ammoniacal water cures 
poisoning by this acid by stimulating the ner- 
vous system. 

^fr. Simon has proposed chlorine as an an- 
tidote of hydrocyanic acid, and Orfila has 
shown that chlorinated water administered, 
even five minutes after poisoning, revives life. 

In every case the action of fresh air is useful ; 
it is then necessary to carry the person imme- 
diately to the open air, and far from the place 
of operation. 

Happily, those accidents are now very rare, 
or rather are without examples. Nevertheless 
the dangers to which the workmen are exposed 
have attracted the attention of chemists, and 
we owe to Jfr. Chaudelon the construction of 
an apparatus destined to avoid them.f 

* Ancalea d'Hjgiene, vol. i. 

t Annales d*frygiune, January, 1847| pago 21 G. 
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This apparatus, represented below, is com- 
posed : — 

Fig. 11. 
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• 

IbL Of two glass balloonsi A of 10 gallons 
capacity resting on a frame, and in which are 
introduced the matters proper to prepare the 
fulminate of mercury. Each of these balloons 
has on the upper part of its neck a wooden 
collar J?, covered with a sheet of lead, and 
adapting very tightly the collar by its circular 
groove a, forming a hydraulic fastening with 
the pipes CfC, which join the balloon to the 
apparatus of condensation. These tubes are 
supported by iron rods fixed in the floor of 
the room. 

2d. Of a scries of four earthen demijohns, 
/>,/>,/>,/;, provided at their Jower part witJi a 
cork i7, and carrying at their upper part tubu- 
latings, h,hfi,h^ with hydraulic fastenings, in 
which adapt the earthen tubes G,G,G,G, which 
put all the demijohns in communication. Each 
demijohn has a capacity of about 22 gallons. 
The first has three tubulatings, the others have 
only two. 

8d. Of an earthen pipe 27, fixed in the wall, 
and carrying the deleterious vapors in the 
chimney. 
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4tb. Of an earthen pipe F^ fixed in the floor 
of the shop, and receiving from each cork the 
liquids condensed in the demijohns to conduct 
them in the saturating pan, which is outside of 
the room in the open air. 

The apparatus being ready to work, pour in 
each tubulating h the necessary water to fas- 
ten; take out the pipe C, and introduce in one 
of the balloons IJ gallon of alcohol at 95°. 
Dissolve separately 12 ounces of mercury in 
8 J pounds of warm nitric acid at 30®, when 
the dissolution is achieved, and the temperature 
is at 170^, pour it into the balloon containing 
the alcohol. The pipe C being put back to 
its proper place, fill with water the groove of 
the collar, and leave the operation to itself. 
A few minutes after the reaction begins, and 
the vapors pass through the demijohns in which 
they condense. The portions which escape 
the condensation are carried away through the 
chimney. 

During the operation the assistant has to 
pour from time to time cold water into each 
tubulating, to take the place of that which has 
18 



f 
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grown warm. When the reaction is achieved, 
take out the pipe C^ being careful to shut im- 
mediately with a glass bell the tubulating led 
open^ and proceed with the second balloon to 
the next operation. With the above propor- 
tions you obtain 20 ounces of damp fulminate, 
or 15 ounces when dry, and 3} quarts of con- 
densed liquor. 
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CHAPTER XLII. 

PRESERVATION OF THE FULMINATE OF MER- 
CURY. 

The fulminate of mercury prepared, as we 
have said above, is put away, and can be kept 
any length of time. This preservation requires 
great care. Generally the fulminate is depos- 
ited in a wooden tube, and kept under water. 
The tube must be covered with a black oil 
cloth covcrclo fixed on a barrel hoop larger 
than the tub, the edges being well fixed by 
means of little nails in the inside of the hoop. 
It is the oil cloth itself which must rest on the 
edges of the tub. In this way it covers it uni- 
formly, and if any particles of fulminate become 
attached to it, it is very easy to take it out by 
using a damp sponge. The tub is thus not 
liable to many of the chances of accident which 
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might proceed from the use of a wooden cover- 
cle, or the fall into the fulminate of some foreign 
matters. It is principally during the cleaning 
of the room that the tub must be covered. A 
few grains of a hard matter would . cause the 
detonation of the whole. 

We cannot insist too much on the necessity 
of keeping the fulminate always covered with 
sufficient water, and when any is taken out, be 
careful not to have any part adhering to the 
edges of the tub. 
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CHAPTER XLIII. 

PREPARATION OF PERCUSSION POWDER. 

To make the mixture of the fulminate of 
mercury with the nitre, they generally take 
the latter one into small pieces, and grind it 
ivith the fulminate. To manufacture in such 
a manner is very dangerous, also it is very 
important to observe all the directions pre- 
viously given, and which consist in the use of 
the nitre 2^reviousIy reduced to a fine x^oicdrr^ and 
being careful to slightly humect it after having 
spread it on a large surface. This done, throw 
on it the fulminate, which is mixed with a 
wooden or horn spatula. The grinding is ef- 
fected on a polished marble table, three feet 
by six. Black marble is preferable to white, 
because the powder remaining on some places 
can be more eai>ily distinguished. 
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To effect the grinding, begin to raise the 
substances with the spatula, and terminate 
the operation with a wooden roller. The best 
wood to use is the boxwood. This operation 
must be done very carefully, and the grinding 
must be slightly and carefully done to avoid 
detonations, which are, of course, more dreadful 
as the quantities arc more considerable. The 
marble and the paste must always be damp, 
for after a certain degree of desiccation, the 
explosion will be unavoidable, even with a 
very light pressure. It is well understood 
that it is necessary to operate on small masses 
at a time, and divide into small fractions the 
prepared fulminate. The quantity of nitre is 
half that of the fulminate, the mixture thus 
consisting: 2 parts of fulminate for 1 of nitre. 

The mixture being made, take the ^astc 
with the spatula, but whatever be the care 
taken, it is impossible not to leave on the table 
a little fulminating matter that the desiccation 
will render explosive. We shall repeat hero 
what we have said about matches. The table 
must be immediately washed with a sponge, 
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and as the sponge itself will have adhering to 
it fulminating matters, wash it well in a pail 
of waten It will be dangerous to erush di- 
rectly the little grains obtained during the 
above operation. By thus operating, accidents 
can be avoided. The following is the way 
to treat those grains without any danger. 
Wet with a sponge a varnished jar, throw into 
it the damp powder, some mist of the same 
operation, then the grains that you cover with 
some damp powder. 

Leave the mixture all night, and the next 
day, raise the matter with the hand, and with 
a spatula carefully operate the mixture. 

That paste is divided on blotting paper, and 
carried to the drier. 



4 
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CHAPTER XLIV. 

cobnino of the powder — desiccation- 
separation of the powder from the 
mist— preservation of the powder. 

Corning of the Powder. 

When the fulminating matter has been suf- 
ficiently drained in the dryer, corn it on a hair 
sieve fixed above a wooden table, by pressing 
it slightly with the fingers. This dangerous 
operation requires as much precaution as 
above. Too great a friction, especially if it be 
in the mass some parts too dry, will produce 
an explosion. 

Thus, notwithstanding every care, llio mass, 
which is sifted, can easily arrive at a degree of 
desiccation which renders it dangerous ; it is 
very important to put on the sieve but very 
little powder; and, after each operation, dip 
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the sieve into water, and before sifting, whoa 
there has boon a certain interval between the 
two operations. 

Wo have said that the corning is done on a 
wooden table. We think it will be better to 
cover that table with a black oil oloth well 
spread, which permits observation of the small 
quantities of powder which can be taken out 
easily with a damp sponge. The operation 
will be less dangerous by spreading under the 
oil cloth two or three thick woollen sheets, on 
which the shock of the sieve or other hard 
body will be without inconvenience. 

The corned powder, mixed with mist, is 
poured into a sheet iron box of 12 to 14 inches, 
the angles are covered with wood to avoid the 
particles of powder penetrating into the cor- 
ners. Shako this powder to give it a little 
consistency, and it is good to cover the inside 
of tlio box witli sheet- tin to render the clean* 
ing more easy. At last, to avoid explosions 
which might be produced by grains of powder 
interposed between the covcrclo and the box, 
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it is essential to cover the edges with a lamina 
of lead I of an inch thick. 

Desiccation. 

To dry the corned powder, put it on sheets 
of gray paper, in boxes made of white wood, 
which are carried into the oven, and disposed 
on shelves. 

Separation of the Powder and the ^Fist, 

ANfhen the powder is sufiicicntly dried, it is 
carried back into the cornin]^ shop, where it is 
poured on a hair sieve which separates the 
mist. 

Treservation of the Powder in the 

Magazine. 

When the separation of the powder and the 
mist is effected, put the powder into bottles 
ivhich must not contain more than 10 pounds. 
These bottles must be surrounded by braids of 
cane covered with a skin, and placed on shelves 
conveniently disposed. 

When you want to use the puwdcr to pre* 
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pare the caps, begin to transvase it ; pour it 
with a paste-board fuanol from the bottles 
whieh eontain it into small bottles of varnished 
leather. They are carried into the shop, and 
placed in a box covered with leather, near 
each woman who uses it according to wants. 
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CHAPTER XLV. 

. FABRICATION OF PERCUSSION CAPS. 

TuE cap for small arms is made of copper. 
It IS very slightly conical, with a rim or flange 
at the open end. It has four slits extending 
about half the height of the cap. 

The cap is charged with the above percus- 
sion powder. To protect the powder from 
moisture, and also to secure it from falling out, 
it is covered over, in each cap, with a drop of 
pure shellac varnish. 

The copper for making the caps is obtained 
in sheets, 4 feet long and 14 inches ^wide, 
weighing 3 pounds; a variation of 4 ounces, 
more or less, is allowed. The copper should 
be pure, free from seams, holes, or blisters, 
well annealed, and as evenly rolled as possible, 
with straight and smooth edges. 
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The copper is cleaned by immersion in a 
pickle, made of 1 part in measure of sulphuric 
acid, and 40 parts of water; it is scoured with 
fine sand and a hand-brush, and washed clean 
in running water, after which it is well dried 
in clean sawdust, and rubbed over with a cloth 
slightly oiled, when it is ready for the ma- 
chine. 

Making and Filling thb Caps. 

Both of these operations are performed by 
the same machine. The sheet of copper is ad- 
justed on the table of the machine. The hop- 
per is filled with the percussion powder, and 
the machine put in motion. 

The star or blank is cut by a punch, and 
transferred to a die where it is formed into a 
cap by a second punch. The cap is caught in 
the notches of the revolving horizontal plate, 
and carried, first under the hopper containing 
the percussion powder, where it receives its 
charge of J a grain, and then under a punch 
which drives the charge firmly into the cap, 
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and lastly, to the drop hole, vrbcre it falls into 
the receiving drawer. 

The hopper is supplied, from time to time, 
from the ^ pound box, while the machine is at 
rest, using a small copper scoop for the pur- 
pose, and the box returned to its special closet, 
at least one yard from the machine and above 
its level, before the machine is put in motion. 

As a cap is occasionally exploded under the 
punch in charging, all dust of percussion pow- 
der should be frequently removed, and only a 
small quantity of percussion powder kept in 
the hopper. The receiving drawer should be 
emptied after each sheet of copper is completed. 
2314 caps are made from each sheet 43 inches 
long and 14 wide. 

The average work of ten hours, including 
all necessary stoppages, is 81,000 caps for each 
machine. 

Preparation op the Varnish. 

Dissolve 1 pound of the best gum shellac in 
1 quart of rectiGcd alcohol at 95^. The solu- 
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tion is made most readily at a tcmpcraturo of 
about 120®. It must be stirred frequently till 
all the gum is dissolved. It is made and fit 
for use in four hours. 

The varnish is best made and kept in glass 
vessels. 1 quart of alcohol and 1 pound of shel- 
lac make 1.4G quart of varnish ; a small quantity 
of alcohol is occasionally added to thin the 
varnish when it is used. 

Eighteen quarts of varnish are required for 
1,000,000 caps. Two quarts of alcohol are 
required for thinning the varnish. 

Varnishing the Caps. 

The caps are put into holes in counting 
plates, made of sheet brass, 15 inches by 12 
inches, 0.5 inch thick, held in a frame of 
brass rods .35 inch square. This is quickly 
done by taking a parcel of caps on the plate, 
and shaking it sideways ; the caps settle them- 
selves on the holes. Wlicn the plate is filled, 
the defective caps and those which have lost 
their charge arc easily detected by the eye, 
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and are replaced by perfect ones. The plate 
is placed on its bed in the varnishing machinCi 
which is worked by hand, and each row of 
caps is brought in turn under a row of wires, 
which are alternately dipped into a pan of var- 
nish, and then into the caps, leaving in each a 
drop of varnish. 

The quantity of varnish placed in each cap 
can bo regulated by the size of the wires, or 
by the depth to which they enter tho varnish. 
The caps remain in the plato thirty to forty 
minutes, when tho varnish is suiTicicntly set to 
allow of their being turned into a tray for dry- 
ing. These trays arc of wood, Ih foot long, 
1 foot wide, and 1 inch deep, and contain 2500 
caps. The caps remain in the trays for three 
days, in a room heated to about 100®. They 
are then put into bags, and kept at the same 
tempemture for ten days longer before they 
are packed in boxes^ 

One boy can count and varnish 7000 caps 
in an hour. 
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Materials required for 1,000,000 Caps* 

For tfie Caps. 

1300 pounds of sheet copper, of which about 
} is returned in scraps. 



For the Powder. 


Mercury . 


• 


. 42 lbs. 


Nitric acid 


• 


. aaa •« 


Alcohol 


• 


. 8S2 « 


Nitro 


» 


. 24 " 


For the Varnish. 


Cium shellac 


• 


. 10 lbs. 


Alcohol 


• 


12 quarts. 



For Bags. 
31 yards of cotton duck, .75 yard wide. 

For Boxes. 
150 feet of white pine board. 

Experience has shown that it is not safe to try 
to wash the percussion powder from partly filled 

^ Ordnance ManUiil, 1SC1. 
19 
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caps. A lot of unvarnished caps, imperfectly 
filled, being soaked in water for several days, 
became coated with a substance much more 
explosive than the original fulminate. The 
percussion powder must be burned, and the 
cap polished by rolling in a dust barrel. 

Friction Primer for Cannons. 

The friction primer for cannons is a small 
brass tube filled with gunpowder, which is 
ignited by drawing a rough wire briskly 
through friction composition, contained in a 
smaller tube inserted into the first near the 
top, and soldered at right angle to it. A Ian* 
yard with a hook attached is used to ignite 
the primer. 

The friction composition is made of— 

Sulphuret of antimony . . .2 parts. 
Chlorate of potash . . .1 part. 

Moistened with gum water, 50 grains of 
gum Arabic in 2 ounces of water to 1 pound of 
composition. 
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The materials are first pulverized separately, 
mixed together dry, moistened with the gum 
water, and ground in an iron mill, sueh as is 
tiscd for grinding paints. 

The friction primer is composed of 1 large 
tuhe^ 1 short tube^ 1 wire ruhber^ friction composi* 
foon, musJcet poioder and wax. 

The long tube is made from a circular disk 
of No. 19 sheet brass, 0.G2 inch in diameter, 
by means of a scries of five punches and dies, 
gradually diminishing in size to the last which 
is of the required size with the tube. The 
brass must be annealed before each punching. 

The tube is cut to the prescribed length, 
measuring from the closed end by means of a 
circular saw, and the holes for the short tube 
and wire rubber are drilled, and the burrs re- 
moved. Length of the long tube 1.75 inch ; ex- 
terior diameter 0.19 inch ; interior diameter 1.75 
inch; diameter of holes 0.15 inch, and 0.06 inch. 

The short tube is formed from the long one 
by using two additional punches and dies, re- 
ducing the size each time. It is cut to the 
proper length by circular saws placed at the 



292 FULMINATIKG POWDERS^ ETC. 

required distance apart, and the burr removed 
by rolling in a barrel. Length of the short 
tube 0.44 inch, exterior diameter 0.15 inch, 
interior diameter 0.183. 

One end of the short tube is dipped into a so- 
lution of chloride of zinc, inserted in the holo 
drilled in the long tube, heated to redness in 
the flame of a spirit lamp, and soldered with 
soft solder ; it is then washed and dried. 

The wire rulher is made of No. 16 brass 
wire annealed, cut to the proper length, and 
pressed flat at one end by a machine for that 
purpose. The flat end is trimmed by a punch 
and die with dcntated edges, and the tip is an- 
nealed in the flame of a spirit lamp. Length 
of wire 8.4 inches, length of flattened end 0.G5 
inch. 

Charging and Varnisuing. 

The small tube is charged by pressing the 
open end in the friction composition spread on 
a flat piece of iron, and brought to the consis- 
tency of soft putty, the long tube being closed 
its whole length with a wooden or metal plug. 
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A conical hole is mado in the composition 
while yet moist, with a conical drift, and the 
surplus composition removed; the wire rubber is 
passed through the short tube and through the 
small hole in the long tube, the round end first, 
leaving the annealed tip projecting out of the 
open end, which is then closed by pressing the 
top and bottom together firmly with pincers, 
and bending the tip against the bottom. 

The end of the wire rubber is doubled on 
itself and twisted, leaving a loop 0.2 inch 
diameter, and then bent alongside the long 
tube for packing. 

The head of the long tube, including the 
short tube and the joint, is di4)pcd into shellac 
varnish colored with lampblack. 

When dry, the long tube is filled with mus- 
ket powder, and cleared with beeswax mixed 
with one-third its weight of pitch. 

Both ends are touched with varnish, and the 
tube thoroughly dried. 
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Materials required for 10,000 Friction 

Primers. 

66 lbs. sheet brass No. 19. i about 36 J lbs. to- 

20 lbs. brass wire No. 16. ) turned in scraps. 

1.25 lb. solder. 

2.33 lbs. chlorate of potash. 

2.66 lbs. sulphuret of antimony. 

0.65 lb. beeswax and pitch. 

11.00 lbs. musket powder. 

1.25 quart varnish (0.75 lb. shellaCi 1 quart 
of aleohol, 0.25 ounce lampblack). 

44 sheets of common tin are required for 100 
tin boxes. 
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CHAPTER XLVI. 

Application of Gun Cotton and Papsr ^ro 
TUB Fabrication of Caps. 

Since tho discovery of pyroxylic products, 
the question rclativo to the fabrication of caps 
can bo considered in a nevr aspect. 

Will it not be possible to supersede the use 
of the fulminate of mercury in the fabrication 
of caps ? 

If the facts* are not numerous yet, and if the 
experiment is not suilicient enough to answer 
this question, the experiments of Mr. Pelouze 
deserve great attention. 

At a meeting of the Acadimie des Sciences^ 
this savant speaks thus : — 

"If we put a small quantity of nitric paper 
or gun cotton on an anvil, and strike it with a 
hammer, a detonation is heard ; a great part of 
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the matter has not been burned, and to have a 
complete inflammation the percussion must be 
repeated several times. The same thing oc- 
curs when the pyroxyline is introduced into a 
cap and tried in a gun. The greater part of 
the substance is not destroyed, and obstructs 
the chimney. The inflammation thus stopped 
is rarely communicated to the powder, princi- 
pally when it is ordinary powder. 

"It is probable that by modifying the chim- 
ney this defect could be avoided, and it could 
be possible to overcome the disadvantages 
connected with the pyroxyline in the stage of 
disaggregation in which it is found in the cotton 
or paper. Tn either case this matter was used 
alone to prepare percussion powder. By sub- 
stituting for the paper or cotton the pyroxyline 
prepared with very fine tissues of hemp, linen, 
and introducing these substances into the caps, 
a detonation as strong as with the fulminate 
of mercury is produced." 

The opinion of Mr. Pelouze was not adopted 
by every chemist, and Mr. Dumas again called 
attention to the fact that the pyroxyline by 
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burning in tho open air gives nitrous vapors. 
He observed that this powder used in the per- 
cussion powder will inevitably form nitrous 
acid; and he was disposed to believe that fire- 
arms cannot resist, that they will be quickly oxi- 
dized if the fire is communicated by the py- 
roxyline. 

Mr. Pelouze made some new experiments. lie 
studied the action of the new powder on fire- 
arms, and his essays were repeated by several 
manufacturers, and a gunsmith, and the result 
was shown to be that the pyroxyline has no 
more destructive action than the fulminate of 
mercury and tho nitre, and this result, says 
Mr. Pelouze, has nothing extraordinary. Why 
nitrous vapors, by supposing some formed 
during the combustion of the pyroxyline, which 
is doubtful, bo more destructive to firearms 
than the sulphuret of potassium, the formation 
of which in barrels and chimney is consistent 
with ordinary powder? A priori it is more 
logical that the presence of an adhering solid 
body ought to be more noxious than a gas. 

Mr. Pelouze maintains that tho dilVcrcncc cs- 
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tablisbcd by Mr, Dumas botwccn tbo combus- 
tion in tbe barrel of a gun and tbat of tbe cap 
could not exist. 

New experiments, confirming tbose of Mr. 
Pelouze, have demonstrated that if gun cotton, 
used alone as percussion powder, has badly 
succeeded, this cotton pressed with a few 
grains of ordinary powder in new caps answers 
very well; that the powder determines the 
combustion of the totality of the pyroxyline, 
and the inflammation is communicated easily 
to the charge. Charcoal and sulphur asso- 
ciated with the pyroxyline have given very 
good results. 

Mr. Vrij, professor of chemistry at Amsterdam, 
has ascertained that starch treated by mono- 
hydrated nitric acid, swells, and is transformed 
into xyloidine. As pyroxyline is soluble in 
monohydrated nitric acid, if concentrated sul- 
phuric acid is added to this solution, all the 
pyroxyline is precipitated into a white pow- 
der, which has all the primitive properties 
except the form. The question which has not 
been answered yet, is, whether this powder 
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can be utilized in the preparation of percussion 
powder. 

More could be said on this subject, but we 
think it of no use to do so in advance of ac- 
tual experiment. A time will come, we have 
no doubt, at which this product will take the 
place of metallic fulminates. 
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CHAPTER XLVII. 

DISPOSITION OF FACTORIES— PRESERVATION AND 
TRANSPORTATION OF PERCUSSION POWDER 
AND CAPS. 

As ia tho fabrication of matches, every room 
must be isolated, indeed eaeh one be a small 
building composed of a single room, without 
stairs, and of wood. 

The room in which the fulminate is prepared 
must not only bo isolated, but also situated 
at a great distance from the others, so that the 
ethereal products, in case they take fire, can- 
not communicate it to the other parts of tho 
establishment. 

The harnls of alcohol must be kept separate. 
The magazine is constructed as far as possible 
from the shop. The dryer and tho room for 
.sieving arc the parts of the establishment 
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wbich require the most complete isolation. 
Above all things the factory must be distant 
from any other buildings. 

It is very important to have no fire in the 
roomSy and the light must be good enough not 
to bo under the necessity of using any artifi- 
cial light. 

Oven. — It is necessary to have the shelves, 
which receive the powder very slightly ele- 
vated, so that the boxes can be taken with the 
hand without using a ladder. No work must 
be done in the oven ; the papers used to cover 
the boxes are thrown into water acidulated 
with hydrochloric acid, in case it be needed to 
collect the mercury. 

Sifting. — It is dangerous to use metallic 
sieves, and they must be covered with a lead 
band on their lower edge. 

Magazine. — ^This part of the establishment 
must have a double door with an interval 
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between, and it must be provided with a light- 
ning rod. 

The powder contained in the magazine is 
kept in wood or leather bottles, but green 
glass bottles arc better if they are surrounded 
by cane braids, which present resistance enough 
not to break in case of receiving a fall. The 
rule must be established that one person alone 
has admittance into the magazine. 

Decantation. — ^This is one of lie operations 
which require the most care, and it must be 
done far from tbe magazine and in the open air. 

With the precautions above indicated it is 
easy to prevent those accidents which occur 
during the different operations, principally the 
grinding, sifting^ and decantation. 

The face of the man must be covered with 
a light shield to prevent its being hurt in case 
of explosions. 

Transportation of Percussion Powder. 

It is very important to have the percussion 
powder prepared near the cap factory, because 
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with all prccaationa, the damp falminate may 
prodaco very violont csplosionsi and be the 
cause of serious accidents. Then wq insist on 
this point, that the percussion powder ought to 
be manufactured near to the factory where it is 
to be used. 

We have said above that some manufac* 
turers have tried to utilize the volatile product 
resulting from the preparation of the fulminate. 
This alcohol docs not contain hydrocyanic 
acid, but it requires great care and attention 
to have none pass at the distillation. 

Tliis alcohol, according to Mr. Gaulthier de 
Claubry, can be used over again in the prepa- 
ration of the fulminates for making varnishes 
and a few chemicals, but it is dangerous to 
to use it to manufacture liquors, for without 
doubt it acts as a deadly poison. 

Packing or Friction Primers for Cannon. 

The tubes are first put up in bundles of ten 
each, wrapped in water-proof paper ; ten bun- 
dles are packed in a tin box painted or ja- 
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panned. 100 tin boxes are packed in a box 
made of 1 inch white pine boards, dovetailed. 

The contents of the tin box, place and year, 
of fabrication, are stamped on the lid, and the 
number of the box marked on the front side. 
The contents of the wooden box are marked 
on each end. 

Dimensions of the tin box, length 4.5 inches, 
width 2.35 inches, depth 2.35 inches. 

Dimensions (interior) wooden box, length 
20.5 inches, width 12.00 inches, depth 9.5 
inches. 

Weight of the box containing 100 primers, 
.8347 pound. 

Weight of wooden box containing 10,000 
primers, 105 pounds. 

Packing of Percussion Caps. 

The caps are put into bags of strong cotton 
duck, 10,000 in a bag, and ten bags are packed 
in a wooden box. The box is lined with thick 
paper, the bags are packed in tow, and the 
cover is fastened with six 2 inch wood screws. 

Bivj^ and Paclclng Boxes. — The bags arc 
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inches in diameter, and 18.5 inches deep. They 
are made with circular buttons, like cartridge 
bags for field service. 

They are marked with the number of the 
bag, the contents, the place, and date of fabri- 
cation. 

The packing boxes arc made of 1 inch white 
pine, dovetailed; they have brackets for rope 
handles on the ends, are painted olive color, 
and marked on the ends with the number and 
kinds of contents, and on the inside of the 
corner with the place and date of fabrication. 

Interior Duncnsnms. — Length 28.75 inches, 
width 12 inches, depth 8.5 inches. 

Wcijhts of 1,000,000 caps, 944 lbs.; bags 
with 10,000 caps, 9.()25 lbs ; packing box, 25 
lbs ; box packed with 100,000 caps, 127 lbs. 

Transportation of Caps. 

The boxes are carried into the store room, 
and from there distributed for the consuni])- 
tion. The transport from the shop to the 
store doc3 not [)rescnt much danger. It is a 
well known fact, that in a box a cap may ex- 
20 
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plode without oommunicating fire to the others. 
Bat, if the aocidents are rare, this transport 
must bo done carefully, and all we have said 
about matches can be applied in this case. 

The avoidance of aocidents in their preser- 
vation is worthy of much serious attention, 
and the retailer must act with them, at least, 
as carefully as with gunpowder. They must 
be kept separate, and in places where there is 
no danger of their falling down. 
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BECENT IMPROVEMENTS IN GUN COTTON. 

At tbe British Association meetings of 1862| 
a committee of chemists and physicists was 
appointed to inquire and report on the so-called 
A'listrian gun cotton. The report was published 
in the last meeting by Dr. Gladstone and Mr. 
J. Scott Ilussell ; and we think it will be inte- 
resting to our readers to be acquainted with 
the principal parts of this paper.* 

* We are mainly indebted for the following pages to an 
abstract of this report, given in the ''Annual of Scientifio 
Discovery," 18G4,p. 47, and to an able and interesting ar- 
ticle on gnn cotton in the '' United States Service Maga- 
zine,»' April, 18G4, p. 345. 
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Chemical Report. 

Since tbe discovery of gun cotton by Schon- 
bein its application to war purposes bas been 
frequently thought of, and many experiments, 
with a view of using it, have been made, espe- 
cially by the French. Such serious diflicultics 
have, however, presented themselves that the 
idea gradually came to be abandoned every- 
where but in Austria. Ilcre experimenting 
was kept up, and it having been reported on 
good authority that the experimenters had suc- 
ceeded in overcoming many of the difficulties 
encountered elsewhere, the committee of the 
association applied to the Austrian Govern- 
ment for information, which was furnished to 
them. The following is a summarv of the 
more important facts elicited. In the first 
place, the gun cotton prepared by Baron Von 
Lcnk, the inventor of the Austrian system, 
differs from the gun cotton generally made in 
its complete conversion into a uniform chemi- 
cal compound. It is well known to chemists 
that, if cotton is treated with mixtures of strong 
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nitrio and sulpburio acids, compounds may be 
obtained varying considerably in composition. 
Though they all contain the elements of nitric 
acid, and are all explosive. 

There is one part of the process not yet 
alluded to, and the value of w'hich is more 
open to doubt. The treatment of the gun 
cotton \Yith a solution of silicate of potash, com- 
monly called water-glass. Some Austrian che- 
mists think lightly of it; but VonLenk considers 
that the amount of silica set free on the cotton 
by the carbonic acid of the atmosphere is really 
of service in retarding the combustion, lie 
adds that some of the gun cotton, made at the 
imperial factory, has not been silicated at all, 
and some imperfectly; but when the process 
has been thoroughly performed, he finds that 
the gun cotton has increased permanently 
about three per cent, in weight. 

It seems a disadvantage of this material as 
compared with gunpowder that it explodes 
at a temperature of 277^; but, against the 
greater liability to accidents from this cause 
may be set the almost imposisibility of explo- 
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sion daring the process of manufactarOi sinco 
the gun cotton is always immersed in liquid, 
except in the final drying.* Again, if it should 
be considered advisable at any time, it may bo 
stored in water, and only dried in small quan- 
tities as required for use. The fact that gun 
cotton is not injured by dampness like gun- 
powder, is indeed one of the recommendations, 
while a still more important chemical advan- 
tage, which it possesses, arises from its being 
perfectly resolved into gases on explosion, so 
that there is no smoke to obscure the sight of 
the soldier who is firing, or to point out his 
position to the enemy, and no residuum left in 
the gun to be got rid of before another charge 
can be introduced. 

* In ten years' experienco it is proved that this tem- 
perature is sufficiently high to insure safety of manipu- 
lation : 277^ is an artiGcial temperature ; and artificial 
temperatures, accidentally produced, are generally high 
enough to ignite gunpowder. The greater liability to 
accident from this cause can, therefore, scarcely be ad- 
mitted. 
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Physical Report. 

Mr. Russell stated that greater efiects are 
produced by gases generated from gun cottoa 
than by gases from gunpowder, and it was 
only after long and careful examination that 
the committee were able to reconcile this fact 
with the low temperature at which the me- 
chanical force is obtained. The great waste of 
force in gunpowder constitutes an important 
diflerence between it and gun cotton, in which 
there is no waste. The waste in gunpowder 
is 68 per cent, of its own weight, and only 32 
percent, is useful. This 68 per cent, is not 
only waste in itself, but it wastes the power of 
the remaining 32 per cent. It wastes it me* 
chanically by using up a large portion of the 
mechanical force of the useful gases. The 
waste of gunpowder issues from the gun with 
much higher velocity than the projectile, and 
if it be remembered that in 100 pounds of 
useful powder this is 68 pounds, it will appear 
that 32 pounds of useful gunpowder gas ig 
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wasted in impolliug a 08 pound shot composed 
of the refused gunpowder itself. 

There iS'^yet another peculiar feature of gun 
cotton. It can be exploded in any quantity 
instantaneously. This was once considered its 
great fault, but it was only a fault when wo 
were ignorant of the means to make that vo* 
locity anything we pleased. Baron Von Lcnk 
has discovered the means of giving gun cotton 
any velocity of explosion that is required, by 
merely the mechanical arrangement under 
which it is used. Gun cotton, in his hands,' 

« 

has any speed of explosion, from one foot per 
second to one foot in xuVo ^f ^ second, or to 
instantaneity. The instantaneous explosion of 
a large quantity of gun cotton is made use of 
when it is required to produce destructive 
effects on the surrounding material. The slow 
combustion is made use of when it is required to 
produce manageable power, as in the case of 
gunnery. It is plain, therefore, that if we can 
explode a largo mass instantaneously, we get 
out of the gases so exploded the greatest pos- 
sible power, because all the gns is generated 
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boforo motion commoncc8| and this is tho oon« 
dition of nmxiinuin oftbct. It is found that tho 
condition nocossnry to produce instantaneous 
and complete explosion is tho absolute per- 
fection of closeness of tho chamber containing 
tho gun cotton. The reason of it is that; the 
first ignited gases must penetrate the whole 
mass of the cotton, and this they do, and create 
complete ignition throughout only under pres- 
sure. This pressure need not be great. For 
example, a barrel of gun cotton will produce 
very little effect and very slow combustion 
when out of the barrel, but instantaneous and 
powerful explosion when shut up within it. 
On the other hand, if we desire gun cotton to 
produce mechanical work, and not destruction 
of materials, wo must provide for its slower 
combustion. It must bo distributed and 
opened out mechanically, so as to occupy a 
larger space, and in this state, it can be made 
to act even more slowly than gunpowder, and 
the exact limit for purposes of artillery Von 
Lenk has found by critical experiments. In 
general it is found that the proportion of 11 
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pounds of gun cottoni occupying one cubic foot 
of spacCi produce a greater force than gun* 
powder, of which from 50 to 60 pounds occupy 
the same space, and a force of the nature re- 
quired for ordinary artillery. But each gun 
and each kind of projectile requires a certain 
density of cartridge. Practically, gun cotton 
is most ciTcctive in guns when used as ^ to jf 
weight of powder, and occupying a space of 
1-jV of the length of the powder cartridge. 
The mechanical structure of the cartridge is of 
importance as affecting its ignition. The car* 
tridge is formed of a mechanical arrangement 
of spin cords, and the distribution of these, the 
manner and place of ignition, the form and 
proportion of the cartridges, all afiect the time 
of complete ignition. It is by the complete 
mastery he has gained over all these minute 
points that Von Lenk is enabled to give to the 
action of gun cotton on the projectile any law 
of forces be pleases. 

Gun cotton is used for artillery in the form 
of a gun cotton thread or spun yarn. In this 
simple form it will conduct combustion slowly 
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in the open air, at the rate of not more than 
one foot per second. This thread is woven 
into a texture or circular web. These webs 
are made of various diameters, and it is out of 
these webs that common rifle cartridges are 
made, merely by cutting them into the proper 
lengths, and inclosing them in stiff cylinders 
of pasteboard, which form the cartridges. 

In these cylindrical webs it is also used to 
fill explosive shells, as it can be conveniently 
employed in this shape to pass in through the 
neck of the shell. Gun cotton thread is spun 
into ropes in the usual way up to two inches 
diameter, hollow in the centre. This is the 
form used for blasting and mining purposes; it 
combines great density with speedy explosion. 

The gun cotton yarn is used directly to 
form cartridges for large guns by being wound 
round a bobbin, so as to form a spindle like 
that used in spinning mills. The bobbin is a 
hollow tube of paper or wood ; the object of 
the wooden rod is to secure, in all cases, the 
necessary length of chamber in the gun re- 
quired for the most efiective explosion. The 
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gun cotton circular web is inclosed in close 
tubes of India-rubber cloth to form a match 
line, in which form it is most convenient, and 
travels with speed and certainty. In large 
quantities, for the explosion of mines, it is 
used in the form of ropes, and in this form it 
is conveniently coiled in casks and stowed in 
boxes. 

As regards conveyance and storage of gun 
cotton, it results from the foregoing facts, that 
one pound of gun cotton produces an eflcct 
exceeding three pounds of gunpowder in ar- 
tillery. This is a material advantage, whether 
it be carried by men, horses, or in wagons. 
It may be placed in store, and preserved with 
great safety. The danger of explosion does 
not arise until it is confined. It may become 
damp, and even perfectly wet, without injury, 
and may be dried by mere exposure to the 
air. This is of great value in ships of war, 
and, in case of danger from fire, the magazine 
may be submerged without injury. As regards 
its practical use in artillery, it is easy to gather 
from the foregoing general facts how gun cot- 
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ton keeps the gun clean and requires less 
windage, and therefore performs much better 
in continuous firing. In gunpowder there is 
68 per cent, of refuse, or the matter of fouling. 
In gun cotton there is no residuum, and there- 
fore no fouling. Experiments made by the 
Austrian committee proved that 100 rounds 
could be fired with gun cotton against 30 
rounds of gunpowder. From the low temper- 
ature produced by gun cotton, the gun docs 
not heat. Experiments showed that 100 
rounds were fired from a six-pounder in 34 
minutes, and the gun was raised by gun cotton 
to only 120° F, whilst 100 rounds with gun- 
powder took 100 minutes, and raised the tem- 
perature to such a degree that the water was 
instantly evaporated. The firing with the 
gunpowder was, therefore, discontinued; but 
the rapid firing with the gun cotton was con- 
tinued up to 180 rounds without any incon- 
venience. The absence of fouling allows all 
the mechanism of a gun to have much more 
exactness than where allowance is made for 
fouling. The absence of smoke promotes 
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rapid firing and exact aim. There are no 
poisonous gases, and the men suffer less incon- 
veniences from firing in casemates, under 
hatches, or in closed chambers. The fact of 
smaller recoil from a gun charged with gun 
cotton is established by direct experiment. Its 
value is § of the recoil from gunpowder, pro- 
jectile eflcct being equal. 

To understand this may not be easy. The 
waste of the solids of gunpowder accounts for 
one part of the saving, as in 100 pounds of 
gunpowder 68 pounds have to be projected in 
addition to the shot, and at much higher speed. 
The remainder Von Lenk attributed to the 
diiTerent law of combustion; but the fact is 
established. 

The comparative advantages of gun cotton 
and gunpowder for producing high velocities 
are shown us in the following experiment with 
a Krupp's cast-steel gun — six-pounder. With 
ordinary charge, 30 ounces of powder produced 
1338 feet per second ; with charge of 13} 
ounces gun cotton produced 1503 feet. The 
comparative advantages in shortness of gun 
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are sbown in the following experiments — 
twelve-pounder :— 

Velodly, 
Callbro. Charge. feet per secood. 

Cotton length 10 15.9 ounces 1426 

Powder length 13} 49.0 (normal powder chargo) 1400 
Cotton length 9 17 1402 

As to advantage in weight of gun, the fact 
of the recoil being less in the ratio of 2 to S, 
enables a less weight of gun to be employed| 
as well as a shorter gun, without the disadvan- 
tage to practice, arising from lightness of gun. 
As regards durance of gun, bronze and cast 
iron guns have been fired 1000 rounds without 
in the least affecting the endurance of the gun. 
As regards its practical application to de- 
structive explosions of shells, it appears that 
from a dinbrenco in the law of cxpansioUi 
arising probably from the pressure of water in 
intensely heated steam, there is an extraordi- 
nary diflerenco of result, namely, that the same 
shell is exploded by the same volume of gas 
into more than double the number of pieces. 
This is to be accounted for by the greater ve- 
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locitj of explosion when the gun cotton is 
confined very closely in very small spaces. 
It is also a peculiarity that the stronger the 
shell the smaller the fragments into which it 
is broken. 

As regards mining uses, the fact that the 
action of gun cotton is violent and rapid in 
exact proportion to the resistance it encounters 
tells us the secret of its far higher cfTiciency in 
mining than gunpowder. The stronger the 
rock the less gun cotton, comparatively with 
gunpowder, is Necessary for the efiect; so 
much so, that while gun cotton is stronger 
than powder as 3 to 1 in artillery, it is 
stronger in the proportion of G.274 to 1 in a 
strong and solid rock, weight for weight. It 
is the hollow rope form which is used for 
blasting. Its power of splitting up the mate- 
rial is regulated exactly as wished. 

As regards military and submarine explo- 
sions, it is a well known fact that a bag of 
gunpowder nailed on the gates of a city will 
blow them open. In this case gun cotton will 
fail. A bag of gun cotton exploded in the 



IMPROVEMENTS IN GUN COTTON, 821 

same way is powerless. If one ounce of gun- 
powder is exploded on scales the balance is 
thrown down ; witli an equal force of gun cot- 
ton nothing happens. To blow up the gates 
of a city, a very few pounds of gun cotton, 
carried in the hands of a single man, will be 
sufficient, only he must know its nature. In 
a bag it is harmless; exploded in a box it will 
shatter the gates to atoms. 

Against the palisades of a fortification, a 
small square box, containing 25 pounds, merely 
flung down close to it, will open a passage for 
troops. In actual experience on palisades, a 
foot diameter and eight feet high, piled in the 
ground, backed by a second row of eight 
inches diameter, a box of 25 pounds cut a 
clean opening 9 feet wide. To this, three times 
the weight of gunpowder produced no efloct 
whatever, except to blacken the piles. 

Against bridges, a strong bridge of oak, 24 
feet span, was shattered to atoms by a small 
box of 25 pounds laid on its centre; the bridge 
was not broken, it was shivered. 

As to its effects under water, in the case of 
21 



822 APPXin>ix 

two tiers of piles in water, 18 feet deep, 10 
iDches apart, with stones between tbem, a barrel 
of 100 pounds of gun cotton, placed 8 feet from 
the face and 8 feet under water, made a clean 
sweep through a radius of 15 feet, and raised 
the water 200 feet. In Venice, a barrel of 400 
pounds placed near a sloop, in 10 feet water, 
at 18 feet distance, threw it in atoms to a height 
of 400 feet 

All experiments made by the Austrian com* 
mittee are conducted on a grand scale, thirty- 
six batteries, six and twelve-pounders, having 
been constructed,* and practised with gun cot- 
ton* 

The reports of the Austrian commissioners 
are all based on trials with ordnance, from six- 
pounders to forty -eight pounders, smooth bore 
and rifled cannon. The trials with small fire- 
arms have been comparatively few, and are not 
reported on. The trials for blasting and 
mining purposes were also made on a largo 
scale by the Imperial Engineers* Committee. 

The writer of the article in the U. S. Service 
Journal^ already referred to, says: — 
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''A change in the strength of the acids, in 
the condition of their mingling, in the duration 
of the chemical action, in the temperature, and 
in the removal of the free acid from the cotton, 
will each cIToct a marked change in the pro- 
duct Advantage is now taken of this fact, 
and gun cotton is prepared with reference to 
the special use for which it is intended just as 
gunpowder should be, and is to some extent. 

" The gun cotton made at Hirtenberg, after 
the manner prescribed by General Lenk, dif- 
fers, as might have been expected, very mate- 
. rially from that made elsewhere. The process 
of manufacture is different, and the details are 
so arranged as to insure much greater uni- 
formity in the results. 

*^ The cotton is immersed in a mixture of one 
part strong nitric acid, and three parts concen- 
trated sulphuric acid. It is permitted to re- 
main in this bath for 48 hours; it is then 
washed in a stream of running water for four 
to eight weeks, so as to lose every trace of free 
acid; it is then carefully dried. Analysis 
shows that this gun cotton is of a uniform and 
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fixed composition, and is almost wholly tri- 
nitro-cclluloscy represented by the Austrian 

chemists by the formula :— 

c.,H,(3yo,)0,o 

" It explodes at a temperature between 340^ 
and 390*^ F^ never below that, as was the case 
with gun cotton prepared after other formula). 
It does not deteriorate in quality when sub- 
jected to all the changes of temperature to 
which it is liable in service, nor when exposed 
to the various influences of dew, ruin, and sun 
if afterwards dried. 

"The gravest charge made against this new 
explosive material was, that it was liable to 
spontaneous combustion, as was known to be 
the case with gun cotton made in the ordinary 
way. It was of the utmost importance that 
this vital question should be thoroughly inves- 
tigated, and for this purpose a committee of 
the three first Austrian chemists was appointed 
to report upon this and other objections urged 
against the adoption of gun cotton for war 
purposes. 

"The results of this investigation, made with 
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great ability and extreme care, are highly sa- 
tisfactory, and furnish proofs, both theoretical 
and practical, that General Lenk's gun cotton 
is not liable to this fatal objection. 

"The commission, after weighing maturely 
all that could be said in opposition to General 
Lenk's gun cotton, and its adoption for war 
purposes, closed their report with the following 
unqualified commendation: ^According to our 
experience xip to the present time^ June^ 1863, toe 
recognize in gun cotton from Uirtcnbcrg an imx^rovcd 
exjdosive compound^ having many and great ad' 
vantages^ several of tvJiich gunpouder from its vtr^ 
nature can iiever j^osscssj 

"It has been urged that the gases of gun 
cotton were more poisonous than those of gun- 
powder, and on that account it could not be 
safely used in mines. The following table 
gives the analyses of the gases of combustion 
of General Lenk's gun cotton, as determined 
by Lieutenant Von Karoly, in the chemical 
laboratory of the engineer corps committee, 
and those of gunpowder by Bunsen. 
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Water / 25.37 
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hydrogen gas 


0.0 


3.02 


2.7 
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"A comparison of the results, as above given, 
will show that the products of the combustion 
of either of the two materials contain gases 
which are irrespirable, and in this particular 
belong to the same class of gases. The relative 
quantities of some of those evolved from gun 
cotton are different from those produced from 
gunpowder, but they are both of such a nature 
as to require, that after an explosion of a mino 
with either gunpowder or gun cotton, the 
air should be renewed by ventilation before 
the place of the explosion can be approached 
without danger. The gases from the latter 
will be removed more quickly by ventilation 
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tban those from the former, as they contain in 
the latter case much solid matter which alone 
would suffice to make respiration almost im- 
possible. 

"The English Government has recently made 
experiments with the new explosive material| 
Baron Von Lenk having visited England, by 
invitation, for the purpose of assisting at the 
trials. More recently the French Government 
has taken up the subject, and is now engaged 
in an investigation into the merits of this new 
gun cotton. 

" General Lenk is, at the request of the Em- 
peror Napoleon, in France, to be present at 
these experiments. The' attention of the 
United States Government was drawn to the 
success attending the experiments with gun 
cotton in Austria, by Mr. T. Carrisius, U. S. 
Consul at Vienna, and the Secretary of War 
has directed experiments to bo made to deter- 
mine whether its merits are such as to warrant 
its introduction into our service, in whole or 
in part. These experiments will soon be com- 
menced. 
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*' There are many considerations wbich make 
it important for us that the subject should 
recivc a full, fair, and impartial investigation. 

" We are now dependent upon India for our 
supply of saltpetre. By the introduction of 
gun cotton, wo shall bo enabled to substitute 
fur 8altpctro, the nitrate of soda, found in 
South America, much nearer home, and more 
easy to bo obtained, and from a supply of 
which we arc not so liable to be cut oil* 

" We have a long extended coast to defend 
against new and most formidable modes of 
attack. Our large seacoast guns will require 
the assistance of the most destructive explosive 
for their shells, and the most powerful subma* 
rine batteries that we can devise, to protect 
our sea-board cities from the attacks of hostile 
iron-clads. 

"Gun cotton will not, probably, supersede 
the use of gunpowder ; it may prove a valuable 
co-adjutant.'' 
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BARON VON LENK'S GUN COTTON PAT- 
ENTED IN THE UNITED STATES, 

The Scieniific American for Jaly 9, 18G4, contains 
tho following :— 

"On the 4th of Juno, 1PG4, l^nron Von liCnk pro- 
curiMl n iiutontithroMgh tho Sclvntillo Amorloan ruicnt 
Agonry, for tho munufacturo of gun cotton hy hm pro- 
cess in the Unitoil Stuto8. Tlic assignees of tho patent 
in this country arc Messrs. liuwson k Kichmond, of 
Detroit, Mich., who announce their purpose to proceed 
at once to erect a large manufactory, and to embark in 
the production of the article. Their establishment will 
be under the charge of a practical and competent person 
sent over from Austria by (jeneral Von Lenk. 

"Our readers will remember that tho commission of 
Austrian chemists came to the conclusion that *gan 
cotton is far superior to gunpowder for nil explosive 
power ; that its use is less dangerous ; that for artillery 
and small-arms one pound of gun cotton will give greater 
result than three pounds of gunpowder, and for blasting 
and mining purposes one pound of the former is equal 
to six pounds of the latter; that damp does not affect 
it; that it is not liable to decomposition ; that it will not 
explode short of 277^ Fahr.; that there is no smoke; 
that there is no fouling or refuse mat^ ' : that the recoil 
of the gun is but two-thirds of that from gunpowder; 
that lighter and shorter guns can be used ; that the ve- 
locity of tho projectile is greater and. more accurate; 
that the heating of the gun is much less ; and that there 
is no danger in its manufacture.* 

21* 
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*'The statement that the velocity imparted to the lihot- 
is greater, while the recoil of the gun is less, we should 
hardly believe except on further evidence than the re- 
port of one commission, however eminent 

''In consequence of the general interest in this im- 
provement, we publish the patent in full. It contains a 
complete description of the process in as few words as 
possible. 



"'improved gun cottox. 



***To aU whom it may concern : 

" ' Be it known that I, Baron W. Lenk, of the city of 
Yienna, in the Empire of Austria, have invented a new 
and improved mode of making an explosive material 
out of cotton and other vegetable fibres ; and that I do 
hereby declare that the foflowing statement is a full and 
accurate description of the articles used, and the mode 
and manner of manufacturing the same into an article 
which is termed "Baron Lenk's Improved (jun Cotton/* 

"*JP^V5^ The cotton or other vegetable fibre is first 
taken and spun into loose threads of sufficient strength 
to be easily handled. 

" * Second. The cotton must then be thoroughly boiled 
in a solution of potash or of soda, in order to remove all 
greasy substances which the cotton may contain, and 
after thus boiled it may be exposed to the sun or wind, 
or in a heated room, to dry the same. 

** ' Third, The cotton must now be taken into a room 
heated to 100^ Fahr., in order to make it perfectly dr}', 

*** Fourth. A mixture is now made containing one 
part weight of nitric acid of I j'^,^^ to 1 ,V*(j specific gravity, 
and three parts weight of common sulphuric acid. This 
mixture must stand in closed earthen or glass jars for 
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several days, or until the two acids become fully mixed 
and cooled. 

'''Fifth. This mixture of acids is now put into an 
appamtuB containing three apartments, one for the main 
bulk of the acids, one for the immersion of the cotton, 
and one for receiving the cotton after being immersed. 
This apparatus may be made of cast-iron. 

'* 'Sixth. The cotton is now taken and dipped in the 
acid bath, in said apparatus, in such a manner that every 
three ounces of the cotton must come in contact with 
sixty pounds of the mixture of acids, or, in other words, 
the bath must contain fully sixty pounds of the mixture 
while parcels of three ounces of cotton arc being dipped. 
The parcels thus dipped must be gently pressed, and the 
acids allowed to How back into the acid bath, and the 
parcels are tlien put into thc^third apartment of the ap- 
paratus, where for every one pound of cotton there must 
be ten and a half pounds of said mixture of the acids. 
The cotton must remain in this state subject to the 
action of the acids for forty-eight hours, and the mixture 
must always have an e(|ually strong concentration, and 
must be kept under a uniform temperature by a cooling 
process. 

"* Seventh. The cotton is now taken out from the 
acids and pressed, and then put into a centrifugal ma- 
chine to remove all surplus acids. 

" * Eiijhth. The cotton is again put into another cen- 
trifugal machine, into which a constant stream of fresh 
water is admitted. This process is intended to remove 
the last particles of- adhesive acids. 

"'Ninth, The cotton is now taken and put into a 
flume or trough, and secured in such a manner that a 
running stream of fresh water may pa:«s through and 
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over it ; and the same maBt remain in this aitnation for 
at least fourteen days. To lessen the time for this 
operation, the cotton may be immersed or saturated in 
alcohol for the space of twenty-four hours. This process 
is also intended to extract all and the last particles of 
acids that may possibly adhere to the cotton. 

" * Ttnlh. The cotton is now taken from the stream of 
water, or if from the alcohol it must be washed, and then 
boiled in a solution of common soap and again dried. 
This process is intended to restore the cotton to its ori- 
ginal softness and appearance. 

***Elvvcnth, The cotton is now taken and immersed 
in a solution of water-glass of one pound to two pounds 
of soft water, which must be l,2(r specific gravity of 
concentration. To one pound of cotton i^o^^^ ^^ ^ 
pound of this solution oMG^ Bcaum^ is required. The 
cotton is then tukcn out of this solution and exposed to 
the action of the atmosphere for at least four days. 
This process has the tendency to preserve the material, 
and also to make its explosive qualities less rapid. 
V *' * Twelfth, The gun cotton is again washed in soft 
water free of lime, dried, und can then be packed in 
wood or metal boxes for storage or exportation ; and 
may be used for artillery, torpedoes, shells, mining, blast- 
ing, small-arms, and for all purposes where explosive 
power is required. 

*^* Thirteenth. All other vegetable fibres may be treated 
and manufactured as herein stated, which process will 
make the same explosive like the gun cotton, and adapted 
to the same purposes. 

** *I claim as my invention an explosive improved gun 
cotton made substantially as herein described. 

"* Baron W. Lknk. 
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Outlet with a spout or duct. 

Application of Shadows to Tootiif.d Gear, Plate XXX. Ap* 
plication of Shadoicfi to .Srrcic*, Plate XXXI. Ajijtlication of ShudowB to 
m Boiler and ita Furnace, Plate XXXII. Shading in Ulcck—SUnUiu'j iih 
OdnrJt, Plate XXXIII. 

The Cuttino and Siiapino of Masonry, Plite XXXIV. 7?mA# 
and Prnrtirul />'f/r/— Hydraulic motors, Undersluit water wheels, with 
plane floats and a circular channel, Wiilth, Di.inieter, Velocity, Num- 
ber and capa<"ity <»f the taickets, l's«»lul ellect *»f the w iter wheel. 
Overshot water wheels, Water wheels with r.tdial floats, Water wheel 
With curved buck« ts, Turbined. Hcmarku mi ^iu:Uint Tix^U, 
2 
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The Studt or MACtiiNERT and SKETrHiyo.— Vfirlouiapplieiitloiui 
and cnmbinMloiis: 7A« akftching </ Sluchnn'ry, Ptatea WW. And 
XXXVI. DritUng Muihine; MUirt Murftin^s; Water wheels, Con- 
•tructlon and netting; up of water wheeU, DoUneation of water wheels, 
Dt^Hiirn fi»r a water wlie«'l, Sketch of a water wheel ; Or^xhot U*ri/..T 
Whttlg, IWitrr i*Mm/)*, I'late WWII, Sttntn }fi*tnrs: Hii^li-preesuro 
eKp:tn«tv« Htenui engine, PlHtoH XXXVIll., XXXIX. and XL. iV/mVir 
^f f\mKirttrtion : M<n\ mtutu >>/ th^ JUjtfriKHtittn and Fjftftnsitm I'nlmt; 
Jitth.<t ami rrnrtietit /'«l^l— Steam eii;;ineft : I<ow-]>reHHuro eonden^ln^ 
rii;;lneM without expansion valve, Di.uiieter of piiiton, Velocities, 
(itraiu plpo.«* and pissaur;*, Alr-puinp and con«\ensi»r, fold-water ana 
fred-puinpii, llli;li-i)re«*sure expansive enirlnoH, MinUuin pressure con- 
doiiitin^ and c\]»auiiLvc btcam cai;iuc, Conical iH>udulum or centrifugal 
governor. 

OiiLniUE rnoji:cTioN!«.— Application of rules to the delineation of 
an Oiicillatin;? cylinder, riatc \IA. 

Paham.kl PK.usrKrTi\ i:.— rrinclplcsand applications, Plate XLTT. 

Thvk PF.Ksi'KtTivi:.— Klemoniary i>rlncipIos, Plate XI.III. Appll- 
eations— tlour mill driven by l»elt«, Plates XLIV. and XI. V. Pescrip- 
tl(»n of the mill, Ueprosentation of the mill In peisportive, Noten (»f 
recent inipro\enienT.<t in llo\ir milts, S'hich-'H mill, Mullin's *' rint; mill- 
Stone,*' ltarnett*M millstone, llitHtle's nrrancoment for driviu); milts, 
t*urrle*H impi-o\emtMiti« ti mlltHtont'iii Ikuhsomt /VviVkni/ />f>/ii — Work 
perioinuMl hv vnrloiit* machineit, I'iikur uiiUS| Saw mills, Veneer-saw ln|( 
luarhini'H, (liciilar nawH. 

KxAMri.K.s OK KiNisiir.n Prawikds or Mac iiiNr.RY.— Plate A, 
Dalance water-meter j Plate 11, Kn^'lneer's s!inpin|? machine; Plate 
C I) K, KxproH!* locomotive engine; Plate F., Wood planing machine; 
Plate <;, Wnnhln? machine for piece goods; Plat» II, power loom} 
Plate I, Duplex nteam boiler; Plate J, Direct-acting marine engines. 

Dhawinu 1nsihi;ment8« 

Barnard (Ilciiry). National Education in Eu- 
rope : 

Being nn Account of the Organization, Administration, 
Instruction, and Statistics of Public Schools of differ- 
ent grades in the principal States. 890 pages, 8vo., 
cloth, $3.00 

Barnard (Ilcnry). School Architecture. 

New Edition, 300 cuts, cloth, $2.00 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By E. W. Beans, C. E. 12mo. (In press.) 

Bishop. A History of American Manufactures, 

From 1008 to ISCO; exhibiting the Origin and Growth 
of tho Principal Mechanic Arts and Manufactures, from 
the Earliest Colonial Period to tho Present Time ; with a 

3 
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J^— II I I I I I I III .^^■— ^—1 ^—M — ^IM^^—— ^ 

Notice of the Important Inrentions, Tariffs, and the Re* 
ealtii of each Decennial Census. By J. Leander Bishop, 
M. D, : to whicli Is added Notes on tlie Principal Mana« 
facturing Centres and Uemarkable Mannfactories. Bjr 
. Edward Yonng and Kdwin> T. Freediey. In two vols., 
8vo. Vol. 1 now ready. Price, $3.00 

Bookbinding ; A Manual of the Art of Book* 
blndins, 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. By James B. Nicholson. 
Illustrated. 12mo., cloth, $2.00 

CONTENTS.— Sketch of the Progrons of Bookbinding, ShcM* 
work. KorwarUinff the Kdf^ca, M:irl)lin(;, Gilding? tJie KdjjCB, C'ovcrinff, 
Half Rindin?, BIhdU Bindini?, Burirdin;^, Cluth-work, Oriuinient.il Art, 
Finialiin?, Taste And DesiKn, Styles, Cildinj^, Illuminated Bindini?. 
Blind Tooling, Antique, ColorinfC, Marbliuf?, Uniiorm ColorB, Guld 
M.'irMin^, LandHca|>ef(, etc.. Inlaid OrnamentH, Harmony of Coluri. 
rH»<tinR i>o\vn, etc., Stamp or Pro8»-\vork, KcHtorin^ the Bindinf^Roi 
Old Book 8, Supplying inipcrfcctiuoii la Old Books, HintB to Book Col- 
lectors, Techuical LcitbooM. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical : 

Embracing its application to the Arts, Metallurgy, Mine- 
ralogj. Geology, Medicine, and Pharmacy, By James C, 
Booth, Melter and Keflner in the United States Mint ; 
Professor of Applied Cliemistry in the Franklin In.stitute, 
etc.; assisted by Campdell Mokfit, author of *' Chemical 
Manipulations," etc* 7t)i Kditiou. Complete in ono 
volume, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations, $0.00 

From the very larfje number of artlrlps In this volume, It is entirely 
tDi]inHsiMe to Rive a list of the Contents, hut attention nwiy h«* calhul 
to Home amoni? the more elaborate, such an Alllnity, Aii'oholonietry, 
Ammonium, AnalyBis, Antimony, Arsenic, DlowpiooH. CyHnn;;«»n, DiB- 
tillatiou, Klectricity, Ethyl, Fcrmeatation, Iron, Lead and Water. 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions In the Art 
of Brewing Beer, Alo, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lafayettb Btrk, 

M. D. With Illustrations. 12mo $1.25 

**MaDv an old brewer will flnU In this hook valuable hints and su^ 
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mtlons worthy of eonsidenitioii, And the novice ean poet hlmeelf up 
Uk hii trade in ali its parta."— iir<(#an. 

Builder's Pocket Companion: 

Containing tbo Elements of Building, Surveying, and 
Architecture ; with Practical Rules and Instructions con- 
nected with the subject. By A. G. Smeaton, Civil Kngi- 
neer, etc. In one volume, 12mo., $1.25 

CONTENTS.— The Builder, CAfprntor, Joiner, Mhsoii, Plaateror, 
Pliiinber, Pnintcr, Smith, rrnctical Geometry, Surveyor, Cohesive 
8trcnKt)t of Bodies, Architect. 

** It f^ives, in a snifiil Hp.ure. the most thorouf^h directions to the 
builder, fruiii the Inyiii)^ o( h niiek, or the iciliii).' of ii tree, up to tho 
liuiHt elahorHte production of oni.-iiiierit.'il architecture. It in Hcientitic, 
H'ithout belii^ obscure nml uniiitelli;;ible ; and every hotiHC-carpenter. 
lUHHter, journey iiuui, or Apprentice, should have a co]»y at hand 
always. *'~jb'(7t/u'/<y liulUtin, 

Byrne. The Handbook for llie Artisan, Me- 
chanic, and Engineer, 

Containing lustriictionH in Grinding and Sharpening of 
Cutting Tools, Fit,'uration of MaterialH ]>y Abrasion, Lapi- 
dary Work, (*em and (ilass Kngruving, Varnishing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 185 cuts. 
8vo., cloth, .$5.00 

CONTENTS.— Crindin^' Cutting Tools on the Ordinary Grind- 
atone; Sharpening; ( uitini; Tools on the Oilstone; .*v?ttinj;*Rizor8; 
Shari)cnin}; Cutting Tools h ith Artiticial firinders ; Production of riauo 
Surf.ices by Abrasion; Production of Cylindrical Surlaccs by Abra- 
sion; Production of Conical Surfaces by Atira.sion ; l^roduciion of 
Spherical Surfaces by Abrasion; (ilass CutliuK; l.?vpi«l'ny Work; 
S4'ttin^, CuttiUK', nnd IVilisliluR J'lat and Koundcd Works; Cutting 
Faucrts; l.r\i)i«iary Apparatus for Amateurs; d'eni and (ilass Knsrrav- 
In^; .Sral and (!em Kn^'ravin;?; Chuu'o Cutting; (ilass Kri;;ravinpc, 
Varnlshinfr, and I>ackerin|f; cieneral Kcmarks upon AltraMxe Pro- 
cesses ; Dictionary of Apparat\i« ; Materials and Processi^s for (irindin^ 
and I'olishiuj; conunonly employCvl in the Mechanical and Useful Arts. 

rne. The Practical Metal-workcr^s Assist- 
ant, 

For Tin-plate Workers, Braziers, Coppersmiths, Zinc- 
plate Ornrnientcrs and Workers, W^ire Workers, Wliite- 
smiDis, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Gold Smiths, Klectrotypcrs, and all other Workers in 
Alloys and Metals. Kdited by Olivek Byknr. Complete 
in one volume, octavo, 'fD.lK) 

It treats of Castintr, roundlnir. nnd For»;lnff; of Tone's «n<l other 
Tools; l>gi-ees of lieat and NauHgeuivnt of llres; Welding of 

5 
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Heiidlnff And Svmf^e Tooli ; of Punchos and Anvlli ; of Hftrdcnini; nnd 
Tein|)erinf;; of MAllc.tlile Iron CHHtln^w, Cnne llardoniii};, Wrought 
And CAflt Iron; the Mnnnj^pnient And Mnni)iuiation of MctniA »iid 
Allovs, Mcltinf? And Mixinj?; the Mnnn^enient of KurnarrM, CiHttni; 
nnd Foundin;; with Mct.nllic Moulds, Juinin;; nnd Working Short Mftal ; 
PiiMiliaritics of the dittoront TtmU tMiiployod ; PrucosHt-H d«*|>ondont on 
the duvtillty of Met«ilfi ; Wire Drnwiu^, Dntwin;; Metal TuIk'h, S<»lder- 
in^ ; The use of the Blowpipe, and every other known Metal VVorker*ii 
Tool. 

Byrne. Tlic Practical Model Calculntor, 

For tlie Engineer, Macbiuist, Manufacturer o^ Kngino 

Work, Naval Arcliitect, Min«*r, and Millwri^'llt. IJy 

OiAVKH Kyhnb, Coiupilt^r and Kditor of tho Dictionary of 

Macliine!*, Mechanics, Kn^ine Work antl Kntcinoerinct and 

Author of various Mathematical and Mechanical Works. 

Illustrated by numerous engravings. Complete in one 

large volume, octavo, of nearly six hundred pages, ..^4.50 

The principal oljecta of thin work are: toesta^li^h iiioilel calciilA- 
tions to f^uide practical men and (ittuleiitH ; to illiihtnite e\rry pru'ticil 
rule And principle liy nunierieal calculations, 8yKteinatiraiiy*arran;;<>d ; 
to ?ive information and data indisptMiniiile to thoHe for whom it ii« in* 
tentleil, thufl rturpassintr in value any other hook of it.s character; to 
ccouomize the labor of the ]>ractical man, and tt» ren<hT hin ev«'ry-4lay 
cali-ulations easy and comprclienMivc. It will he found to he one of 
tlic luuBt complete and valuahle practical buokH ever ))uhlihhcd. 

Ciibinclninkcr's nnd Upholsterer's Coiiiptinion, 

Comprising tlie Iludiments and Principles of Cabinet- 
making and Upholr^tcry, with Familiar Instructions, il- 
lustrated by Kxamples for attaining a proficiency in the 
Art of Drawing, as apjdicable to Cabinet Work ; the 
processes of Veneering, Inlaying, and IJuhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ; to make French Polish; to i»repare the hest Glues, 
Cements, and Compositions, and a number of Receipt:! 
particularly useful for Workmen generally. IJy J. Stokks. 
In one volume, 12mo. With Illustrations, ^^l.no 

"A lars^e amount of |»ractical Informathin, of j»reat pervice to all 
concerned in thofae branches of bubiuciis." — Ohio UtaU Journal, 

Campion, A IVadical Treatise on Mochanical 
Engineering ; 

Comprising Metallurgy, Moulding, Casting, Forging Tools, 
"'orkshop Machinery, Mechanical Manipulation, Manu- 
lacture of Steam Kngine, etc., etc. Illustrated with 28 
plates of JJoilers, Steam Kn^ine^, Workshop Machinery 
G 
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etc., and 91 Wood Engravings ; with an Appendix on the 
Analysis of Iron and Iron OreH. By Francin Calup^"n, 
C. K , i'rosident of the Civil and Mechanical KngineiM-rt* 
Society, etc $7.0U 

Ccliiart. The Perfumer. 

From the French of Madame Celnart ;'with additions by 
Trufes^ior 11. Dussuuce. bvo. {In press,) 

Culbiirn. The Locomotive Eiisine ; 

Including a Description of its Structure, Rules for Ksti- 
ui.itini; it8 Capabilities, and Tract ieal Observations on its 
Construction and Manai^cuicnt. hy Zekau CoUiUttN. Il- 
lustrated. A new edition. TJiiio, ^1.00 

"It in the iHost ])r.u'ticHl and ^'oiht.iIIv usrful work on the Steam 
Kngiuc thill uo li.ixc Hct'ii."^ /mm/i./4 IVao'Ur.-^ 

DiisiHTrcol) [)ist and Phutograplier's Conipanion. 

ll!mo., cloth, $1.00 

Distiller (The Complele Fraelical). 

By M. Lapaykttk Uykn, M.I). With Illustrations. 12mo. 

$1.2ri 

"SoHlniplitltMl.th.it It is ad.iptod not onlv to the war of rxtonslv^ 
Pistilli TM. hut lor every f.-irnicr, or otlioid who niiy WHiit to ei>gHi4i> ia 
X>i&tiliiug.'* — liiiniiLr o/ tfti L'hiou. 

DiissiiiKT. Pradiral Treatise 

Ox TUK Fai!Ricatiox OF Matcuks, (tux Cotton, and Fclmi- 
KATixa ToWDKUs. 15y Prof. 11. Dussauce. 12mu.,....$3.(KI 

CONTENTS.— /Viotf/,/<,.r''.f —History of Phofiphoriifl ; PhysienI 
Pn)fMMtioa ; ChciiiicHl I'rojM'iticrt ; Natiir.il St.itc ; Prrp.iratioii of 
WJiiio I'liosphoriis ; AmorphoiiM Phos]ihoru8, nn<l l}cno\i<i<» of l^tMcl. 
Mntitun. — I'lt'p.'ir.ition ul Woixlen M.it«-hr?»; M.-ifrlu'.** inl1.-iUini.(t»le hy 
ruhhin?. without noiM>; louiiuon l.ficilcr Matchi'H : Mntt'hoti without 
Pho.spluMiis ; C-tiuIh* M-iTi'hcs; M.it<*hi>H with AiiiorphoUH Phonpho* 
rurt ; M:iti-htK an<l Uuh)>or» \\ ithout Plio^phorus. fMun Cotlnn, — l'rtipcr> 
tit'H : i'r('p:\iMtioii ; Paper Powilir; u>e nl Cotton aitd P.iper Powilel-s 
for KiilniiiiatiiiiS Primer:*, etc.; Pre]»:ir.tfion of Fuluiiuatin^ Primerji, 
etc., etc. 

Dnssaiiee. Cliemieal Receipt Book: 

A General Fornuilary for the Fabrication of Leading 
Chemicals, and tlieir Application to the Arts, Manufac- 
tures, M«'talluri;y, and Agriculture. By Prof. H. Dus- 
sauce. (/li f tress,) 
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DTiraG, OAUCO PEINTING, OOLOBS, COTTON SPIN. 
NING, AND WOOLEN MANTJPAOTUEE. 

Baird. The Aiueriran Cotton Spinner, and 
Manajicr^s and Carder's Guides 

A Practical Treatise on Cotton Spinning; ; giving tli« I>i- 
iii«*nKions and HpetMl of Machinifry, Dran^'ht and Twist 
Calculations, etc.; with Notices of recent luiprovementH : 
together with Kules and Kxamples for making chani^eA 
in the sizes and numbers of Uovin^^ and Yarn. Com- 
piled from tliO papers of the late Kohert II. Baird. 
1 2mo e'l .'iS 

Capron De Dole. Dnssaiiee. Blues and Car- 
mines of ludiuo: 

A Practical Treatise on tlio Fabrication of every Commor 
cial Product derived from Indigo. By Felicien Capron 
de Dole. Translated, with important additions, by Pro- 
fessor II. Dussauce. ll!mo ^2.50 

Chemistry Applied to Dyeiuir. 

By James Napier, F. C. S. Illustrated. 12mo $2.00 

CONTENTS.— <7"»Tri' /V..;>^WiV* «/ .if.i^/rr.—llo.it, Llirht. Kle- 
ment:* of M itttT, C'lieinioil Atllnity. -V'*/i-.V«/##//iV .S'MWriiifv.f.— Oxyjren, 
)Iyilro'4«'n, Nitrocon, i tiloriue, Sulpliur, Sfloniuiii, riiosphoriis, IiMline, 
liruiniiKS Fhioriii(\ Siiiciuii, Ikiruti. C;irlMiii. .V tutlir Sn'»>t>ntctti.-^ 
Cicnerni ProporTirtf of MrtnlA. rotHRyium, SoiUiini, Lithium, S«);ip, 
litriiiiii. Strontium, r.ilciiini, M.-vxiH'siuni, Aliiiiuuiii, MHlllCi^r^t^ Iron, 
( oh.tlt, Nick<-I, /ill!', C.ttliniuui. < opprr, Livtil. ni.<4atuth. Tin, Titanium, 
Chromium, Van.<tilium, Tun-^stmuiu or Wolfr.un, MolyNdenum, Trlla- 
riuni, Arseni"', Aiitiinony, l'r:«niuni, Cfrium, Mrrrury. SilviT, <iol«!, 
I'Utinum, l*:ill itlium. Iridiuni, (i.smium, Khuiliuin, Lan'tlrtnium. .>/*/*- 
tinuta. — RihI Spirits, li-%ruoo<l Spirit:*. Tlumh Spirits, Yflhiw Spirit.s, 
Nitr.ite of Iron, Acftrttt* of Ahintin;!, lU ic*k Iron Li«pior, Iron nn«l I la 
f^»r Uoy.-^I Bluis, Acetito of topjH»r. \'fi't'i*>'f 3fofim-0 »*•»</ i/i l»*i'ifg.-^ 
C;*ilU.*Sum"<fh, r.itt'chu. Imltu'i). I.o:;vv<mm!, Hn/il-vroiMN. Sin«lal-\vtKK!, 
B-trwoo*!, Cnnixvood. l-u>tii', Voun'4 rui*ti»*. Il.trk «»r liiuT.itron, l-lt- 
vinc. Welvl or Wold. Turmorio, Persian lUTrifs, Sil!h»\\«T, M tiMer, 
Munjt'ot, Annot.n, Alkrtiict H'»ot. An-lill. /'.-../*.». -l s- tr Vtj.itiU^. 
J»'/.H — S*»Mr »:ij»'C, Cir.ijuru, Wumj^iiy, AUm's, ritltoal, Ikuh.iry liuot. 
Auhntil Mitttm uar.t in /».vtM5/,— I oohin«vil, Lak«* or l-HC, KcrniH. 

This \\ ill Ik* foun»l ono of the most v.thcible U^ok:} on the 8ut»jcct ot 
^yc'i^iCf ever pubUvhoil lo thU country, 

Diissaiu'p. Ti'oalise on llir roloriiijj Mallrrs 
IV'rivcd from Coal Tar; 

Th'>ir Practical Api>licatif>n in Pvping Cotton, Wool, and 
8 
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Silk ; the Principles of the Art of Dyeing and of the Dis* 
tillation of Coal Tar ; with a Description of the most Im* 
portant New Dyes now in nse. By Professor 11. Dos- 
saace, Chemist. 12mo $2.60 

CONTENTS.— nistorlcM Notice of the Art of DyclnR— Chemical 
Priiicijilcs of the Art of J^yelns— Frelliiilnrtry Prcnarntioa of Stu!l»— 
Monl.nits— Dyeing?— On the Coloring; Matters ))ro4iuce(l by Conl Tar— 
DiHtill.ition of Coal Tar— History of Aniline— I'ropertieH of Auillne— 
rrep.tr.ition of Aniline ilireetly fn»m Coiil Tar- Arriflciil Preimratlon 
of Aniline— Treparation of JWrtxole — TropertlCB of JJenzoIr— Prepara- 
tion of Nitro-Hrn/ole— Transform. ition of NitrrH]Ien7.oie into Aniline, 
by nieanH of Siili'liide of Aniuioniuni ; by NaMrcnt Hydrof^ca ; by Ace- 
tate of Iron; and by Arsienite of Potanh — rropcrtied of the hi-Nitro- 
lk*n/ole— Aniline I'urpbi— Violine — KoHcine — Knicrahliiu — IJleu de 
Paris— Futst'hine, or M;iirenta— C'ob»ri!i{» Matters obtained by other 
bas4'i from Coal Tar — Nitroso-l'lienj line — Di Nitro-Aniline — Nitro- . 
PIhmij line— Picric Acid — KoK<tlii: Acid— liuinollne — Napthaline Ctdorg 
— I'hloroxy naphtha lie and Prrthloroxyn ipthalic Aciils- Carininaph- 
Iha — Nina'phthalaniine — Nitroson'tphthaliue — Maphthanieio — Tar Red 
— Azuline — Application of Coal Tar Colors to the Art of Dyeing nnd 
Ca."ic») Printing;- Action of Liirht on Colorln;; Matters from Coal Tar 
— Liteht Improvements In the Art of Dyeinj; — Chrysammic Acid — Mo- 
lylxlic antl Picric Aci«ls — l^xtract of M.iilder — Theory of the Fixation 
lit Colurin^^ Matters in I)y»>in}; and Printing — Principles of the Action 
of the mobt im)M»rtant MordantH — Aluminous Mordants — Ferru^inouH 
Mon! ints — Stannitcroua Mordants — Artificial AU/arin — Metallic Hy- 

Imsulphites as Monlants — Dyer's Soap — Preparation of Indii?o for D\c- 
ugHud Printing— Kelativu Value of Indigo— Chinese Green Murcxide. 

Dy(T aiul ColoMiiakcT's Companion i 

Containing upwards of two hundred Receipts for makinf; 
Colors, on Iho most approved principles, for all thu 
various styles and fabrics now in existence ; with the 
fc>courinj» Process, and plain Directions for I'reparing, 
Wasliiiig-oir, and Finisliing tlie (loods. Second edition. 
In one volume, 12mo $1.0U 

French Dyer, (The) : 

Comprising the Art of Pyeing in Woolen, Silk, Cotton, 
«>te., etc. \\y M. M. Kiilault, Vernand, De Fonteuelle, 
Thillaye, and Mallepeyro. (/'i j>rt.«s.) 

Love. The Arl of Dyeing, Cleaning, Scouring, 
and Finishing, 

On tuk Most ArruovKn Exnusit a>'D Frknch Mfthoph; 
hoing Practical Instructions in Dyeing Silks, Woolons 
And Coltons» Weathers, Chips, Straw, 4»to., Scouring and 
Cleaning Bed and Window Curtaitis, Carpets, Rugs, etc., 
French and KngUsh Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. Dy Thomas Love, a working 
Dyer and Scourer, lu one volume^ IJmo $3.00 
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O'^vciU, ChcmistiT of Calico Prinlin;, Dy^ 
ins, and BIcac hing ; 

Isclniin^ Silken, Woolen, ^JiA Mixed Goods ; PniiCtical 
and TLeoreticaL Bj Charles 0*NeilL (luprcs^) 

O'Xeill. A Diclionary of Calico Printing and 
Dyeing. 

By Charles O'NeiU. (/n preu.) 

Scott. Tiic Practical Cotton-spinucr and Man* 
ufaclurcr; 

Ob, The Ma5ageb avd Oveblookeb*8 CoxpAvioy. Tliis 
work contaiDS a Comprehensive ^yaieux of Calculations 
for Mill Gearing and Machinery, from t1i« first Moving 
Power, through the different processes of Carding, Draw- 
ing, Jflabbing, Roving, Spinning, and Weaving, a'lnpted 
to American Macliiuery, Practice and Usaees. Comp«-n- 
dious Tal»l«*s of Yarns and lU'»;ilj* are abided. ll!ustrat»Ml 
by lark'e Workiuk^-Drawings of the wof»t approved Annfri- 
cau Cotton Machinery. Complete in one volum*?, oc- 
tavo ^ ^ ^i^.<^ 

T*.:* e<!:*;C'a of 9^A*'fi Co!t-ir^<; isnrf^r. ^'V o:;r#^r Byrne. U *!»^'.rn#^ 

uill l*e of tLe £re;a^lc»I 2><^»&il^ v:ilue to me >lAXi*L^cr, OvciMvr, ;hzmI 
Workiuan. 

Sellers. The Color-mixer. 

By John Sellers, an Experienced Practical Workman. 
To which is added & CATEcuiisst op Cuemutbt. In one 
Tolume, 12mo. (^la press.) 

Smith. The Dyer's Instrnctor; 

Comprising Practical Instructions in the Art of Byelni; 
Silk, Cotton, Wool and Worsted, and Woolen Gootls, as 
Single and Two-colored Damasks, Moreens, Camlets, 
Lasting^, Shot CobourgH, Silk Striped Orleans, Plain Or- 
leans, ifrom White and Colored Warps, Merinos, Woolens, 
Yarns, etc.; containing nearly eiglit hundred Receipts. 
To which is added a Treat Ikg on tiio Art of Padding, and 
the Printing of Silk War^is, Sk<>ins and Handkerchiefs, 
and the various Mordants and Colors for the dilTereui 
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•tTles cf ?cA wor^ Br l^ril Srait!i, Fl&Ux^ IWvr. 

CONTEXTS.— \V»>ok! I>iv;»r, « rw^irt*— Corti>a I>rfir^, €8 w 

criptii — M.k Pxcir^, «J T>tvy:; T*— Wt^-^ton Vara Dyrir.r, id rrcfipr*— 
\Vor*!»M \arn Ih cine. 51 i^.vi;^t*—\Vt>o'.en Dy^-ia-. Si rrr.**'! ;»:*—!>»- 
mA>k D^ria;:;, iO'rtvi^iiiT* — M->rcr*a D>i*ia*, J^ rec**ii»ti — Two-Colorevl 
l>%Uii«j^ lJy« ia;;,2l n?c»-ip»t4— CAc*Iet Dyeiri^.a iv»>ipt« — Ltstinz Uye» 
In^. 23 «»Cii;»!»— Shot Colour? Djcir.j, l-j rec»*ipt.-»— Silk Stnjx^l Or- 
If^as, froa Blvk, Whi'e. aad O>!ore»i Warps. 'JS re^'fipts — Colort-d 
OrIeta§. from DUck Warps. 15 rec<-ipts — Colon-d Orl«».»na nod Co- 
buiir^'s, from Wliire W.trjtH, '/I recoipta — Coluretl Merinos, 41 rt-cript* 
— WtioU-n Shawl Dyeing, 13 rcceliit*— Fadilia?, 4i receipt*— Silk Warp, 
Skiin, and ll.mdkerohicl l»rintlni,%62 receipts— Nat are and I'seof Dye- 
wares, ln«.'lu«!in:» Alurn, Annotta, Arrhil, Ammonia, Arj;ol, Suikt 
. Ar^ol, Ctiuwortit, C'iitei'hu, toohinral, Chrome, or Bichromate of Pot- 
ash, t'u«lNe;ir, thomlc, or Sulphate of (nilijo, Fri»nch IJ« rry.or Persian 
Ik'rry, Ku-tie or Vounaf Kusfic, G.^IU, Inrtijo, KrrmM or Lar I>ye, 
I^»'jw.>f»»l, M.i.I'ler. Nitriu* A-it or A^^i'ii KorriJ, Nitr/»tr«. Oxalic Tin, 
IVi^hwif^/-!, I*f»:--ii«e of I'oM^h, Q»,^f**i»ron IJirk, Sitf5o<*er, .*i%uo» 
d'T^^or lit-^l Siz.ltl, SipiQ WcK/d, Suu<;ich, Turmeric, K&aoiiaatioa of 
Wiitcr by Ti'jttB, etc., etc. 

Toiijflain. A Praiiical Treatise on the Woolca 
Mniiiifaeture. 

From tbo French of M. Toastain. (In prexs,) 

Ulricli. Da^saucc. A Complete Treatise 

Ox TUB Abt Of DrEi5o CoTTox A5i> Wo<>t, AS rsAcri<fCD nr 
pAEi:^, R'>CE5, MrLUoCsE A3fi/ f»E£:3f A5T. FroiQ the French, 
of M. Lf'Uis Ulrich, a Practical Dy^-r in the principal 
M.innf.ictories of Piris, Koutfn, Mal!ioa<e, etc., etc. ; to 
which are added the most important Kecei)»t!i for Dyeing 
AVooI, a3 practi&ed in the Mannfacture luiperiale des 
Gohelins, Paris. Bjr Professor 11. Dussauce. 12mo..$3.0O 

CONTENTS.- 

Roiien Dyes, 106 Receipts. 

AUice " 235 «* 

(iorman " H)9 •* 

MviUiousc •• 12 ** 

pAfisinu •• 66 ** 

tJoUlina *• llO *• 
la all nearly IM ilecelpts. 



Easton. A Practical Treatise on Street or 
llorsC'power Kailways; 

Their Location, Construction and Management; with 
^<*nural Plans^ and Utiles for their Organization and Ope- 
ration ; together with Examinations as to their Compare- 
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tire Advantages over the Omnibas System, and Inquiries 
as to their Valne for Investment ; including Copies of 
Municipal Ordinances relating thereto. Bjr Alexander 
Easton, G. E. Illustrated by twenty-three plates, Svo., 
cloth $2.00 

Examinations of Drugs^ Medicines, Clicmicals, 
clc, 

As to their Purity and Adulterations. By C. H. Peirce, 
M. D. 12mo., cloth $2.00 

Fislier's Photogenic Manipulation, 

16mo., cloth 62 

Gas and Ventilation; 

A Practical Treatise on Gas and Ventilation. By E. E. 
Perkins. 12mo., cloth 75 

Gilbart. A Practical Treatise on Banking. 

By James William Gilhart. P. R. S. A new enlarged and 
improved edition. Edited by J. Smith Ilomans, editor ^ 
of •* Banker's Magazine." To which is added ** Money," 
by H. C. Carey. 8vo §:J.50 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me- 
chanics and Civil Engineers. Svo., plates, cloth...$2.00 

Ilardwicli. A Manual of Pltotographic Clieni* 
istry ; 

Including the practice of the Collodion Process. By J. 
F. liardwich. {In press.) 

Uay. The Inlcrior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
Decorations ; with a Practical Treatise on House Paint* 
iug. By D. R. Hay, House Painter and Decorator. Il- 
lustrated by a Di«agram of the Primary, Secondary and 
Tertiary Colors. 12mo. {Injtnss.) 
12 
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Inventor's Guide— Patent Office and Patent 
Laws ! 

Or, a Gaicle to InTentors, and a Book of Reference for 
Judges, Lawyers, Magistrates, and others. By J. O. 
Moore. 12mo., cloth $1.00 

Jervis, Railway Properly. A Treatise 

On tub Co5STRDCTroN AMD MANAGEMENT OF RAILWAYS ; de- 
signed to aflfurd useful knowledge, in the popular style, 
to tlie holders of tins class of property ; as well as Rail- 
way Manageri), Officers and Agents. By John B. Jervis, 
late Chief Engineer of the Hudson River Railroad, Cro- 
ton Aqueduct, etc. One volume, 12mo., cloth (2.00 

CONTENTS. — PrcfftCft — Introduction. Con«/n/r/ion. — Introduc- 
tory— -Fjind nnd Lfind D.iniaijos— Location of Line— Method of BuaincM 
.— (trHdlnjj— IJritlpoR and Culverts— Road CmsHinps— D-iIlastinB Track— 
CroHa SleeperH— Chairs and Sjiikes—Uails — Station Buihlinics— Loco- 
motives, Coaches and Cars. Oji>crfl/in<7.— Introductory — Freight— I*as- 
ienirers— Knjcino Drivers— Repairs to Track— Repairs of Macliinery— 
Civil Kntjlneer — Superintendent — Supplies of Material — Receipts— IJis- 
bursements — Statistics — Running Trains — Competition — Finauciai 
Management — General Remarks. 

Julinsoii. The Coal Trade of British Aincrira; 

With Researches on the Characters and Practical Values 

of American and Foreign Coals. By Walter R. Johnson, 

Civil aud Mining Kngiucer and Chemist. 8vo $2.00 

This volume contains the results of the cxperimcntB made for the 
Navy l>epartmeat, upon which tlieir Coal contracts are now i>aHed. 

Joliiislon. Iiisl met ions fur the Analysis of 
Soils, Linirslones nnd Mannrcs. 

By J. F. W. Johnston. 12mo 38 

Lnrkiii. Tiie Practical Brass and Iron Found- 
er's Guide; 

A Concise Treatise on the Art of Brass Founding, Mould- 
ing, etc. By James Lark in. 12mo., cloth $1.25 

Leslie's (Miss) Complete Cookery; 

Directions for Cookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one volume, 12mo., half 

bound, or in sheep $1.25 
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Leslie's (Miss) Ladies' House Book ; 

A Manual of Domestic Economy, 20tli revised edition. 
12mo., sheep ^ i)1.25 

Leslie's (Miss) Two Hundred Receipts in 
Freucli Cookery. 

Clotb, 12mo 25 

Lieber. Assayer's Guide; 

Or, Practical Directions to Assayers, Miners and Smelters, 
for the Tests and Assays, by Ileat and by Wet Procesnes, 
of tlie Ores of -all the principal Metals, and of Gold and 
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo* 
gist to the State of Mississippi. 12mo. With illustra- 
tions JJl.lK) 

" Amon^; the indlspcDsable works for this purpose, is this little 
fuidc* *-^Artizan, 

Lowig. Principles of Organic and Pliysiologi- 
cal Cliemislry, 

By Dr. Carl Lowig, Doctor of Medicine and Pliilosophy; 
Ordinary Professor of Chemistry in the University of 
Zurich ; Autlior of ** Chomie des Organisclien Verbindun 
gen." Translated by Daniel Breed, M. D., of the U. S. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8vo., sheep i'XttO 

Marlile Worker^s Manual; 

Containing Practical Information respecting Marbles In 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc., etc. 12mo., cloth • $1.25 

Miles. A Plain Treallse on Iloree-slioeing. 

With niustrations. By William Miles, Author of '* The 
Horse's Foot." $1.00 

Morfit. Tlie Arts of Tanning, Currying and 
Leather Dressing. 

Tlieoretic.illy and Practically Considered in all their De- 
tails ; being a Full and Comprehensive Treatise ou the 
14 
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MannfActure of the Various Kinds of Leather. IIIqb- 
trated by over two hundred Engravings. Edited from the 
French of De Fonteuelle and Malapeyere. With nu- 
merous Emendations and Additions, by Campbell Morfit, 
Practical and Analytical Chemist. Complete in one vol- 
ume, octavo $10.00 

Thla !m]»ortfint Trofitlso will be found to cover the whole field la 
the ninflt m»\fttorly manner, and it in iM'licved that in no other branch 
of njtplled Hcicuce could more signal service be rendered to Americaa 
MHnur:u:turr8. 

The publlHher it not aware that In any other work heretofore iBsued 
in 1 his country, more s))hco htiH been devoted to this subject than ft 
■hif^le chapter ; and in ottering; this volume to so larpe and intellijTent 
ft cl.HHB as American T.inuera and Leather Dressers, he feels contldcat 
of their substantial support and encouriif^ement. 

CONTENTS.— Introduction— Diirnlty of Labor— Tan and Tannin 
— (J.illlc Arjil— Kxtractlve-Tnnninp Materials— Oalc Harks— Barkinj; 
of Trees— Method of Kstim:itin^ the Tanning Tower of Astrinfrent 
Sut»Ktances— Tan— The Structure an«l CompoKitJon of Skin — DiHereiit 
KindHof Skin suitabb* for Tanning — Preliminary Treatment of Skina 
—Tannin;? Proivs.s — Improved rroccFse« — Vauquelin's I'roceBH — Ac- 
celerating; Proccflses-Keasley's, Trumbull's, Ilibb.ird's, and Leprleur'n 
Processes— Tan niuj; with Kxtract of Oak-Hark— Hemlock Tanning— 
With Myrtle PI int— Knu'llsh HfirneHS Leather— Calf STvinn— r,oat and 
Slieep Skins — Horse Hides— Iluck. Wolf and Doj; Skins— Bulfalo, or 
•*(i'recian" Leather— Russia leather— lied Skins— Wallachla Leather 
^Mineral Tanninif— Texture and (iuality of leather, and the means 
of DlHcoverln^citH i)efc(!ts— Tawiuf?— Hun^^.-iry Leather — Oiled Leatlier 
— 'lanniiij; ns practineil by tlie Mon^rol Tartars — Sh.«i'»reen — Par<-bment 
^l^ather llottles— Tanning of Conl.ijrc and Sail C'luth—f Hazed or 
•♦Patent'* Leather — HeUeiHon's Piocohs for Kcndcring Hicles Hard 
And Trnnflparent-Currying— Currying of Calf Skins— Currying of 
lioat SkiuH— lied leather — Fair I^Mther— Water Proof DrenHlng— 
PiTklns' Mficblne for J'ommelting snd Graining Leather— Splitting, 
Shaving, rieshiug and Cleansing Machines— Embossing of Leather—* 
Gut Urenslng. 

Morflt. A Trcalisc on Chemistry 

Arn.iED TO TRE MANrFACTCRE OP SoAP AND Candles J befug 
a Thorough Exposition, in all their Minutia?, of the prin- 
ciples and Practice of the Trade, based upon the most 
recent DiscoVeriefl in Science and Art. Ky Campbell 
Morflt, Professor of Analytical and Applied Chemistry iii 
the University of Maryland. A new and improved edi- 
tion. Illustrated with 200 Engravings on Wood. Com- 
plete in one volume, large 8vo $7*00 

CONTKNTS.— Clf APTKU L The History of the Art and Ita Rela. 
tlons to Sclcn<*e— II. Chemb-nl Combination— III. Alkalies and Alka- 
line Kartha— IV. Alk.illiiieiitary— V. Aclils— VI. Origin and Composi- 
tion of Fattv Matters— MI. Ssiuinififtble Fata— Veget.ablo Tats— Anl- 
m«l Kat.s— Waxes— VIM. Action of Heat and Mineral Acids of F.itty 
Matters— IX. Volatile or i:ss«M»tial (His, and Resins- X. The Proxi- 
mate Principles of Fats— Their Composition and Properties- IJnsic 
Constituents of Fats- XI. Theory of Saponification— XII. tTtenMils 
Hequlsite for a Soap Factory — XHI. Preparatory Manipulations in 
the ProccBK of Making Soa^) — Preparation of tho Lyes— \ IV. linrd 



